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Abstract 
 
Better evaluation and prediction of the polymer flooding process could reduce the amount of polymer required in operations 
and ultimately improve cost effectiveness. Upscaling of numerical reservoir simulation is still necessary to reduce the 
computing and resource costs to run using a large number of grid cells in a dynamic simulation and polymer flooding models 
are no exception. Numerical dispersion in reservoir modelling is caused by discretizing continuous flow properties in discrete 
grid blocks when using finite difference based conventional simulators.  This phenomenon manifests itself as reduced 
accuracy in overall flow rate which in turn limits the accuracy of recovery factor and water breakthrough time. There are also 
other monitored profiles such as the amount of polymer adsorbed onto the rock and how much is going to breakthrough and 
being produced in simulating polymer flooding model. There has been ways to limit such numerical dispersion without vastly 
increasing the number of gridblocks but few studies have focused on dispersion in the finite difference based simulation of 
polymer flooding.  
     The focus of the paper is to demonstrate a procedure for upscaling polymer adsorption for secondary polymer flooding 
with adsorption in 1D to 3D, homogenous and heterogeneous domains. Preliminary simulation results showed there were 
indeed marked differences between fine and coarse models in recovery factor, breakthrough time, polymer adsorption, and 
polymer production profiles without appropriate upscaling. 
     We apply pore volume weighted pseudoisation to the two-phase flow of polymer solution and black oil. Our results show 
(1) pseudoisation of relative permeability improves numerical dispersion on polymer related results in some degree; (2) 
adsorption upscaling is necessary and different multiplication factors are required in reversible and irreversible cases, i.e. 
adsorption model with desorption and without desorption respectively; (3) The degree of heterogeneity affects the value of 
the multiplication factor.   
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Abstract 
Better evaluation and prediction of the polymer flooding process could reduce the amount of polymer required in operations 
and ultimately improve cost effectiveness. Upscaling of numerical reservoir simulation is still necessary to reduce the 
computing and resource costs to run using a large number of grid cells in a dynamic simulation and polymer flooding models 
are no exception. Numerical dispersion in reservoir modelling is caused by discretizing continuous flow properties in discrete 
grid blocks when using finite difference based conventional simulators.  This phenomenon manifests itself as reduced 
accuracy in overall flow rate which in turn limits the accuracy of recovery factor and water breakthrough time. There are also 
other monitored profiles such as the amount of polymer adsorbed onto the rock and how much is going to breakthrough and 
being produced in simulating polymer flooding model. There has been ways to limit such numerical dispersion without vastly 
increasing the number of gridblocks but few studies have focused on dispersion in the finite difference based simulation of 
polymer flooding.  
     The focus of the paper is to demonstrate a procedure for upscaling polymer adsorption for secondary polymer flooding 
with adsorption in 1D to 3D, homogenous and heterogeneous domains. Preliminary simulation results showed there were 
indeed marked differences between fine and coarse models in recovery factor, breakthrough time, polymer adsorption, and 
polymer production profiles without appropriate upscaling. 
     We apply pore volume weighted pseudoisation to the two-phase flow of polymer solution and black oil. Our results show 
(1) pseudoisation of relative permeability improves numerical dispersion on polymer related results in some degree; (2) 
adsorption upscaling is necessary and different multiplication factors are required in reversible and irreversible cases, i.e. 
adsorption model with desorption and without desorption respectively; (3) The degree of heterogeneity affects the value of 
the multiplication factor.   
 
Introduction 
Polymer flooding is becoming ever more popular as most conventional petroleum fields reach maturity. The basic idea of 
polymer flooding is to increase the injected water viscosity.  This significantly improves the volumetric sweep efficiency as it 
sharpens oil-water front (Sandiford, 1964 Pye, 1964). However, the polymer present in solution can be lost due to polymer 
retention and adsorption. This may also cause reduction in the permeability of rock (Mungan et al., 1966). Shear thinning of 
polymer can reduce recovery by exacerbating the velocity contrast (Jones, 1980) and inducing unstable displacement with 
fingering and bypassing (Lee et al., 1968). 
     Numerical reservoir simulation is possibly the most important tool for predicting future reservoir performance and 
developing depletion strategies. Successful reservoir management relies on accurate simulation of the displacement. 
Although fine grid static models are now developed using millions of grid cells, the cost to run dynamic simulations on such 
grid scales is still high. This makes upscaling a useful stage in a simulation workflow. This process exacerbates the smearing 
effects of otherwise sharp fronts in a physical system. This smearing effect is caused by finite difference approximation of 
differential equations which introduces a truncation error (Mattax and Dalton, 1990) and this error can result in the deviation 
of the numerical solution from the true solution. The size of the gridblocks and time steps taken affects the level of numerical 
dispersion with larger gridblock sizes having higher levels of numerical dispersion (Lantz, 1971). Ideally, this numerical 
dispersion should be within the limits of physical dispersion but with gridblock sizes of generally larger than 10s of metres, 
numerical dispersion is something which needs to be dealt with.  
     In multi-phase flow models, pseudo relative permeability functions can be derived from laboratory relative permeability 
curves to scale up two phase fluid flow in coarse grid models and reduce numerical dispersion in simulation results (Barker 
and Dupouy, 1996). These dynamic pseudo-functions are obtained from the results of simulation of a fine grid model and 
several pseudoisation methods have been proposed. Since Jacks et al. (1973) and Kyte and Berry (1975) designed pseudo-
functions to reduce the dimensionality by including 3D effects within a 2D model, there has been much focus on including 
heterogeneities in coarse grid simulation. Stone (1991) developed pseudo-funtions to include heterogeneities but gave poor 
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results due to severe assumptions such as the neglect of the coarse grid gravity term. Muggeridge (1991) showed using 
pseudo-relative permeability data in a homogenized coarse grid model can reproduce mean properties of flow of the fine grid 
heterogeneous model.  
     Although pseudo-functions have proved to be effective in secondary water flooding, few have actually tested this in 
secondary polymer flooding and the effect on modelling the polymer adsorption and production has not been investigated. 
There have been studies over recent years on simulations of polymer flooding (Wang et al., 1981; Thiele et al,. 2008; Thiele 
et al., 2010b; AlSofi and Blunt, 2009) but they mostly investigated the use of streamline simulation on polymer flooding 
rather than the upscaling of polymer flooding in conventional commercial simulators. Sorbie (1991) and Thiele et al. (2010b) 
presented grid simulators that predicted a smeared secondary polymer shock compared to the analytical Buckley-Leverett 
solution. Liu et al. (1995) also found smearing of shock fronts. They developed and demonstrated a third-order total variation 
diminishing scheme to reduce numerical dispersion which was once again suggesting a different way of simulating the 
polymer flooding. 
     The aim of this study is to investigate ways to minimize the numerical dispersion in secondary polymer flooding model 
and establish a way to improve predictions of polymer adsorption and production in conventional finite difference based 
simulators. 
Polymer flooding concepts and mechanisms 
The following equations are used to model polymer flooding in this paper. 
 
The mobility ratio is defined as the mobility of the displacing fluid divided by the mobility of the displaced fluid. The 
mobility ratio is the primary determinant of areal sweep efficiency and polymers improve the mobility ratio by mixing with 
water to increase the viscosity of displacing water which in turn decreases the mobility of water thus reducing the mobility 
ratio.                                                                                            
 
M =  
𝜆𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑖𝑛𝑔
𝜆𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑
=  
𝑘𝑤μ𝑜
μ𝑤𝑘𝑜
                                                                                                                                                                               (1) 
 
In two phase polymer modelling, the displacing fluid is water and the displaced fluid is oil. For maximum displacement 
efficiency, M needs to be less than one.  
 
Water viscosity is dependent on polymer concentration, 𝐶𝑝, and this dependency is expressed as a multiplier to the pure water 
viscosity as a function of concentration (Thiele et al, 2010b). Conventional simulators linearly interpolate the discrete values 
of polymer concentration to find the appropriate multiplier to use to calculate the viscosity of the polymer solution. 
 
μ𝑤 = A(𝐶𝑝) × μ𝑤,𝑝𝑢𝑟𝑒                                                                                                                                                                                  (2𝑎)                                                                                                                                                                        
 
In simulations of polymer flooding, effective viscosity is used instead of the viscosity of polymer solution when mixed with 
connate water obtained from equation (2). The Todd and Longstaff mixing parameter, ω describes the degree of mixing 
between water and polymer. 
 
μ𝑤,𝑒𝑓𝑓
∗ = μ𝑚(C𝑝)
𝜔 ∙ μ𝑤
(1−𝜔)                                                                                                                                                                          (2𝑏)                                                                                                                                                                       
 
The transport of polymer dissolved in the water with adsorption can be written as 
 
𝜕
𝜕t
(S𝑤𝐶𝑝 +
1 − 𝜙
𝜙
𝜌𝑟
𝜌𝑤
𝐶𝑎) +
𝜕(f𝑤𝐶𝑝)
𝜕𝑥
= 0                                                                                                                                                 (3) 
 
where 𝜌𝑤is density of polymer solution and 𝜌𝑟is the density of rock 
 
Retention of polymer includes mechanical trapping, hydrodynamic retention and adsorption. The main retention effect comes 
from adsorption which refers to the polymer molecules interacting with the solid surfaces of rock and being bound by 
physical adsorption and hydrogen bonding. This is an undesired effect of polymer flooding as the concentration of polymer 
flooding decreases with time which in turn decreases the viscosity of solution. Adsorption can be modelled by a Langmuir-
type isotherm but conventional simulators use both tabular or equation form. The tabulated form linearly interpolates 
between each value of polymer adsorption at a given concentration which makes it slightly less accurate.  
 
𝐶𝑎𝑑𝑠 =
𝑎𝐶𝑚
1 + 𝑏𝐶
                  𝑎 =  (𝑎1 + 𝑎2𝐶𝑆𝐸) (
𝐾𝑟𝑒𝑓
𝐾
)
𝑛
                                                                                                                            (4) 
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Adsorption can be either with or without desorption which is normally referred as reversible or irreversible respectively. 
According to equation (4) the polymer will desorb from the rock as the polymer concentration in the solution decreases to 
reach instantaneous equilibrium (Thiele et al., 2010b). 
There are also some other aspects of polymer flooding which are not considered in this paper. Polymer retention causes a 
reduction in apparent permeability hence rock permeability is reduced when polymer solution is flowing and this is defined 
by a permeability reduction factor, R𝑘. Polymer solution can behave in a non-Newtonian manner which results in decreased 
viscosities with increasing shear rate. This is referred as shear thinning. Polymer also exhibits variations in concentration 
with different hardness and presence of salt in solution.  
 
Fig.1 shows fractional flow curves and shock fronts for the 1D polymer flooding. 
 
      
Fig.1- (a) Fractional flow of pure water and polymer solution for 1D mixed wet case; method of Pope (1980) (b) Corresponding 
theoretical Buckley-Leverett shock fronts 700 days after the beginning of injection 
 
Fig.1b shows the theoretical Buckley-Leverett shock front which has been produced by polymer solution displacing some of 
connate water in the reservoir. For this reason, the water breakthrough occurs before the polymer breakthrough and due to the 
inaccessible pore volume; polymer can only displace certain percentage of the connate water (Pope, 1980). 
 
It is generally assumed that the polymer flooding does not reduce residual oil saturation on the micro scale and mobility 
changes do not have impacts on relative permeability curves. It is widely accepted that the relative permeabilities for polymer 
flooding are the same as those for water flooding (Lake 1989). Therefore, upscaling of relative permeability using pseudo-
functions may be sufficient in secondary polymer flooding simulation. 
Methodology 
Upscaling methodology 
 
Pseudo-functions. Pseudo relative permeability can be obtained from the simulation using the fine grid model. They are used 
to upscale the flow in the coarse grid models. This study uses the 2009 Pseudo module of the Eclipse simulator to calculate 
the pseudo relative permeability of polymer solution and black oil. There are several different pseudoisation methods in this 
module; Kyte and Berry, Stone and Pore Volume Weighted. The pore volume weighted method is chosen in this paper as this 
method reproduces fine grid results better even though possessing drawbacks such as producing non-single values and 
infinite pseudo-relative permeabilities (Barker and Dupouy, 1996).  
     Different sets of pseudo-functions are needed in every grid cell and for every flow axis which creates computational 
challenges. All of the simulations performed in this paper uses different sets of pseudo relative permeability for each grid 
cell. Appendix Fig.B.4. shows examples of pseudo relative permeability curves for each grid cell in the 1D coarse model. 
Note that the injector and the producer wells have the same dimension as the fine model hence near well upscaling is not 
necessary and the rock relative permeability curves are used in these cells. 
 
Adsorption. Ways to upscale adsorption have not yet been discussed in literature. The approach taken in this study is to 
introduce a multiplication factor to equation (4) and regress to match the coarse model’s cumulative adsorption to the fine 
model result. This idea can be supported as the numerical dispersion on polymer shock fronts causes the concentration of 
polymer to drop and by multiplying this factor, adsorption would be correctly interpreted. Hence, changing the value of 𝑎 in 
the Eclipse adsorption input to the coarse model alters the amount of polymer adsorbed to the rock. Fig.2 illustrates the effect 
of changing the value of 𝑎. 
(a) (b) 
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Fig.2- Change in Langmuir isotherm with variation in adsorption constant 𝒂; see equation (4)  
 
The approach of this paper is to find the correct multiplication factor after applying the pseudoisation of relative permeability. 
 
Modelling of Polymer Flooding 
The following polymer flooding parameters are used in the simulations in this paper. 
 
1. Suitable relative permeability curves are generated from the data of Braum and Holland (Pierre, 2007). Both mixed 
wet and water wet relative permeability are generated using Corey relative permeability function. They are shown in 
Fig.3a. 
2. The value of ω in the Todd-Longstaff model is assumed to be 1.0 in all simulation cases which means the polymer 
solution is fully mixed with water. Therefore, there would not be any difference in effective viscosity and the 
viscosity of the polymer solution. 
3. Polymer solution is injected in concentrations of 0.15% wt; 1.5 kg /m3 for 600 days at the beginning followed by 
pure water until the economical water cut limit of 90% is reached. The polymer solution gives a favourable mobility 
ratio of approximately 0.48 at the point of injection. Fig.3b shows the viscosity curve used in all of the simulation 
cases in this paper. 
 
       
Fig. 3- (a) Generated relative permeability curves; see Appendix B.1 for details (b) Water viscosity multiplier as a function of polymer 
concentration used in all simulations in this paper 
 
4. A value of 15% of pore volume is assumed to be dead pore space as laboratory experiments suggest less than 20% is 
moderate. This effect can be as high as 40% of pore volume (Pancharoen et al, 2010). 
5. The maximum adsorption is slightly less than 20 µg / cm3 at the point of injection which is based on the field 
measurements; the total retention ranges from 7 to 150 µg / cm
3
 (Lake 1989). The coefficient 𝑎 depends on salinity 
and permeability in the Eclipse simulator; see equation (4) and this study assumes adsorption has no permeability or 
salinity dependence; i.e. 𝑎 =  𝑎1 which makes the exponents n and m in equation (4) zero and one respectively.  
6. The permeaiblity reduction factor, R𝑘 is assumed to be 1.0 in this study so there would be no permeability reduction 
due to adsorption. Laboratory experiments suggest R𝑘 of 1.1 to 1.5 is mild. (Pancharoen et al, 2010) 
7. Polymer solution is assumed to possess Newtonian behaviour as there have been few studies which tried to capture 
non-Newtonian effects on numerical dispersion and sweep efficiency (Alsofi, 2011) 
(a) (b) 
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Fig.4- (a) The mobility ratio as a function of polymer concentration used in this paper (b) Adsorption model expressed in Langmuir 
isotherm used as the base case 
 
Simulation Workflow 
A number of 1D, 2D and 3D models are studied in both homogeneous and heterogeneous domains. The basic steps to 
investigate the impact of upscaling relative permeability and adsorption are outlined below. 
 
1. Preliminary 1D simulation of waterflooding and polymer flooding in reversible and irreversible cases using various 
gridblock sizes between injector and producer wells to check for any particular differences. 
2. Grid refinement studies are conducted in 1D 
3. Upscaling of relative permeability in the coarse model using the Pseudo module of Eclipse 100. The results are 
compared with the fine grid. 
4. Upscaling of adsorption in the coarse model with pseudoised relative permeability for both reversible and 
irreversible cases and again the results are compared with the fine grid. 
5. Test the upscaling procedures in 2D and 3D models in both homogeneous and heterogeneous domains. 
 
In this study, the Eclipse 100 black oil simulator is used to perform all of the simulation cases. The reservoir parameters used 
in the simulation are summarized in tables 1 and 2 below. 
 
Table 1. 1D / 2D Vertical Reservoir Parameters                      Table 2. 2D areal / 3D Reservoir Parameters 
Porosity 0.2 
 
Permeability (kh / kv) 200 / 20 mD 
Distance between wells 1414 m 
Water compressibility 4.40E-05 Bar
-1
 
Rock compressibility 3.00E-05 Bar
-1
 
Water Formation Volume Factor 1.0 rb/stb 
Viscosity of pure water 0.5 cP 
Viscosity of oil 2.0 cP 
Density of water 1000 kg/m
3
 
Density of oil 850 kg/m
3
 
Density of rock 2850 kg/m
3
 
Initial reservoir pressure 300 bars 
Reservoir volume control rate 800 m
3
/day 
 
1D Simulation Cases 
 
Grid Refinement Studies. 1D simulation is conducted for various different grid sizes to find out how the polymer flooding 
behaves with different gridblock size. The injector and producer wells are situated directly opposite each other in a reservoir 
of 1000 m × 100 m × 50 m. The well block sizes are kept constant and the gridblocks in between them are upscaled. In this 
way, near well upscaling and Peaceman corrections (Peaceman, 1977) are avoided which may further complicate the 
interpretation of the results. 
     Most current dynamic simulation of field scale models are performed with approximately two to five grid blocks between 
the injector and producer wells. For this reason, the number of gridblocks in the coarse model has been selected to be three 
Porosity 0.2 
 
Permeability 200 mD 
Distance between wells 1000 m 
Water compressibility 4.40E-05 Bar
-1
 
Rock compressibility 3.00E-05 Bar
-1
 
Water Formation Volume Factor 1.0 rb/stb 
Viscosity of pure water 0.5 cP 
Viscosity of oil 2.0 cP 
Density of water 1000 kg/m
3
 
Density of oil 850 kg/m
3
 
Density of rock 2850 kg/m
3
 
Initial reservoir pressure 300 bars 
Reservoir volume control rate 300 m
3
/day 
(a) (b) 
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gridblocks between the injector and the producer which make up a total of five gridblocks in the simulation. To decide on 
which grid model is acceptable as the fine model, various numbers of gridblocks from 6 to 192 cells are investigated.        
     Initial waterflooding cases with different wetting phases are performed to see the impact of gridblock size on oil recovery 
and water breakthrough time. These would later be compared to the polymer flooding case to check whether secondary 
polymer flooding is indeed similar to waterflooding. 
 
After the grid refinement studies, a series of test simulation cases are performed. Table 3 summarizes the dimensions and grid 
formations for the fine and coarse models for each test case. In all cases, the wells are controlled with reservoir volume 
control rate with exact voidage replacement. This ensures the amount of polymer injected into the reservoir to be identical in 
every case. 
 
Table 3. The dimensions and grid formations for test cases 
Case Dimension (m) Fine model Coarse model Domain Parameters 
1D  Test Case 1000 × 100 × 50 98 × 1 ×  1 5 × 1 × 1 Homogeneous Table 1 
2D Test Case 1 1000 × 100 × 50 98 × 1 × 50 5 × 1 × 5 Homogeneous Table 1 
2D Test Case 2 1000 × 100 × 50 98 × 1 × 50 5 × 1 × 5 Heterogeneous Table 1 
2D Test Case 3 1000 × 1000 × 50 98 × 98 × 1 5 × 5 × 1 Homogeneous Table 2 
3D  Test Case 1 1000 × 1000 × 50 98 × 98 × 50 5 × 5 × 5 Homogeneous Table 2 
3D  Test Case 2 1000 × 1000 × 50 98 × 98 × 50 5 × 5 × 5 Heterogeneous Table 2 
3D  Test Case 3 900 × 900 × 100 6 × 18 × 57 3 × 6 × 22 Heterogeneous Appendix C.2 
 
1D Test Case.  This is the first test case to compare the upscaled coarse models with the fine model. Once there is a 
satisfactory agreement between the models, upscaling procedures are tested in more complex 2D and 3D test cases. 
 
2D Simulation cases 
Tests are carried out by implementing the upscaling process in the 1D Test Case into 2D and 3D models in both homogenous 
and heterogeneous domains. Both vertical and areal models are investigated separately.   
     For the coarse models, a tartan grid formation is used to avoid near-wellbore upscaling by keeping the well block sizes the 
same as the fine grid model. However, such grid formation is found to have other drawbacks; the injector cell pressure 
increased rapidly at early stages of the simulation. This is because a conventional simulator use a linear approximation to 
calculate pressure in each cell and this creates large truncation errors on the injector cell. This causes pressure to build up on 
the injector cell. Such phenomenon also occurred at the producer cell; when there was water breakthrough, it caused a large 
pressure drop in the producer cell triggering Bottom Hole Pressure control mode. To correct this problem (1) the injector 
cell’s transmissibility has been multiplied by a factor of 104 in both x, y directions in areal simulation and x, z directions in 
vertical simulation (2) Transmissibility of cells which are directly connected to producer cell has been multiplied by a factor 
of 10
4
 in x or y or z directions as required. 
 
2D Test Case 1. The fine grid model has its reservoir thickness divided into 50 one-metre layers. The fine model has 50 
layers of 20m × 20m ×1m well blocks at each side. The coarse model is in a vertical tartan grid formation with the well 
placements identical to the fine model.  
 
2D Test Case 2. The reservoir thickness is now divided into 3 permeability zones; (1) a top zone with 17m thickness divided 
into 17 layers and each grid cell has a permeability of 200mD with a kv/kh ratio of 0.1; (2) a middle zone with 16m thickness 
divided into 16 layers and each grid cell has a permeability of 500mD with a kv/kh ratio of 0.1; (3) a bottom zone with 17m 
thickness divided into 17 layers and each grid cell has a permeability of 200mD with a kv/kh ratio of 0.1. For this case, a 
homogenization technique is used in addition to the adsorption upscaling and pseudoisation. The method of homogenization 
is pore volume weighted arithmetic average of the permeability which yields 296 mD in the horizontal directions and 29.6 
mD in the vertical direction. Appendix C.1 illustrates the simulation grids used in this case. 
 
2D Test Case 3. This is a 2D areal case of quarter 5-spot pattern where the injector is positioned diagonally opposite to the 
producer. The fine model has 20m × 20m ×50m blocks at each corner, of which two of them are used for well blocks. The 
coarse model is in areal tartan grid formation and well blocks are placed identical to the fine model. 
 
3D Simulation Cases 
In the 3D simulation cases, the fine models exhibited convergence problems which were caused by the finite difference 
simulator handling a large time step. The Eclipse simulator found it difficult to accurately model how saturation changes 
even with a fully implicit solution. To solve this problem, a restriction of 5 days per time step was applied. The tartan grid 
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formation of the coarse models in 3D cases showed the pressure build-up issues as in the 2D simulation cases. This was 
solved by the same approach; multiplying a factor of 10
4
 to the transmissibility for appropriate cells. 
 
3D Test Case 1.. The fine model has a reservoir thickness which has been divided into 50 one-metre layers. The coarse model 
is in tartan grid formation. This model can be thought of as a homogeneous 2D areal model with reduced numerical 
dispersion in the vertical direction. 
 
3D Test Case 2. The vertical section of the reservoir is divided into 3 permeability zones to mimic a ‘thief zone’; (1)the top 
zone which has 17m thickness divided into 17 layers and each grid cell has a permeability of 200mD with a kv/kh ratio of 
0.1; (2) the middle zone with 16m thickness divided into 16 layers and each grid cell has a permeability of 500mD with a 
kv/kh ratio of 0.1; (3) the bottom zone with 17m thickness divided into 17 layers and each grid cell has a permeability of 
200mD with a kv/kh ratio of 0.1. For this case, pore volume weighted arithmetic average homogenization technique is 
investigated as well as pseudoisation and adsorption upscaling. 
 
3D Test Case 3 – Real Field Example. The 3D model used in this example is developed in the Field Development project in 
the MSc Petroleum Engineering course at Imperial College London and is based on the actual data from the Wytch Farm 
field in Dorset, United Kingdom. The static model consists of 1.2 × 106 cells and each cell has dimensions of 150m by 50m 
with varying thickness of 57 layers in approximately 100m thickness which has an 50m thick oil column. This model and 
reservoir properties have been upscaled to 300m by 150m with 20 layers of 73,040 cells. Due to high computing costs, sector 
models are extracted from these models and simulated. The reservoir parameters and the histograms for porosity and 
permeability distributions are shown in Appendix C.2 to C.4. Although conventional process of pseudoisation in a real field 
simulation is to assign pseudo relative permeability to each rock type to avoid using vast amount of computing resources but 
for this particularly case, each grid cell is assigned for its own pseudo relative permeability to optimize the accuracy and 
reliability. 
Simulation Results 
1D Simulation Cases 
 
Grid Refinement Studies. Waterflooding simulation results in Appendix B.2 shows that there are significant differences in 
oil recovery and water breakthrough time with variations in the numbers of gridblocks.  However, in comparing results of the 
water and mixed wet phases, it is observed that there is not any particular difference between wetting phases; i.e. both 
wetting cases show similar behaviour with different gridblock sizes. Therefore, the mixed wet case is chosen to be the base 
case for further simulation studies. 
     The results of polymer flooding also show similar behaviour to waterflooding; significant variations in recovery factor and 
water breakthrough time are observed in both reversible and irreversible cases. The results are shown in Appendix B.3. 
     Between reversible and irreversible cases, there only are slight differences in recovery factor and breakthrough time but 
there is a significant difference in the amount polymer adsorbed to the rock. For the irreversible case, polymer adsorption 
steadily increases for all gridblock sizes and the 3-cell grid has the least amount of polymer being absorbed at the end of 
simulation. In the reversible case, polymer adsorption peaks at different time for different gridblock sizes and cumulative 
adsorption is the least for the fine model. 
 
       
Fig.5- (a) Impact of gridblock sizes on polymer adsorption in irreversible case (without desorption) (b) impact of gridblock sizes on 
polymer adsorption in reversible case (with desorption) 
 
The difference in the cumulative adsorption at the end of simulation is almost 50% between the 3-cell and the 192-cell 
models in the irreversible case and 30% in reversible case. The irreversible case shows a clear, well-defined increase without 
(a) (b) 
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ambiguity but the reversible case has an approximately 20% drop from the peak adsorption in all gridblock sizes. Also, a 
slight non-linearity is observed between the 3-cell and 6-cell models as well as the 96-cell and 192-cell models. However, in 
both cases, the 3-cell model has the largest initial adsorption and the 192-cell model the least. 
 
The reason for the initial higher adsorption in the coarse model is because the pore volume of each gridblock is much larger 
in the coarse model than the fine model and this increases the amount of polymer adsorption. However, complications arise 
in later stages due to the smearing of polymer solution shock fronts which become more pronounced as gridblocks become 
coarser. The Buckley-Leverett shock front analysis in Fig.6 clearly shows that the connate water bank is almost non-existent 
in the 3-cell model whereas they are progressively sharper in finer models.  
 
       
Fig.6- Both results are from reversible case (a) Buckley-Leverett shock front analysis on various gridblock sizes at 700 days (b) 
Comparison between the fine and coarse grid BL with the theoretical shock front after 700 days of the beginning of injection 
 
This smearing effect results in significant variations of up to 300% in polymer concentration shown in Fig.7. This directly 
affects the amount of polymer adsorbed to the rock and the viscosity of the polymer solution which in turn changes the 
mobility ratio. The peak concentration of polymer is the lowest in the 3-cell model due to the largest smearing effect casued 
by numerical dispersion and is the highest in the finest model which has the least smearing effect.  
 
       
Fig.7- Both results are from reversible case (a) Polymer concentration in water versus distance after 1000 days of simulation period 
(b) Polymer concentration in water versus distance after 1400 days of simulation period 
 
This manifests itself as low cumulative adsorption for the coarse model and high for the fine model. Equation (4) describes 
the direct relationship between the adsorption and the concentration of polymer surrounding the rock. Although this 
relationship is clear in the irreversible case, this is not clear for the reversible case as desorption starts to dominate after 500 
days. When this happens, the coarse grid model still has higher amount of cumulative adsorption. The adsorption gradients 
decrease from this point and peaks at different maxima followed by an approximately 20% drop in the cumulative polymer 
adsorption profile before the economic water cut limit is reached. 
     We may expect that if the simulation time tends to infinity, then the drop in the coarse model would be greater than the 
drop in the finer models, and the coarse model may eventually have lower cumulative adsorption than the finer models. This 
effect starts to show between the 3-cell and 6-cell models as well as the 96-cell and 192-cell models. However, this effect 
does not seem to be within the time frame of 20 to 40 years. Therefore, different adsorption upscaling factors are required for 
the reversible and irreversible cases.  
     To decide on the number of grid cells in the fine model, the results of 96-cell and 192-cell models in Appendix B.3 are 
(a) (b) 
(a) (b) 
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thoroughly compared. They show little difference in the recovery factor and the timing of water breakthrough as well as the 
polymer related results. Therefore, the 96-cell model has been chosen to be the appropriate fine model considering the 
accuracy of model and reduced computing costs.  
 
Adsorption upscaling. Fig.8 shows the polymer adsorption match obtained for various grid sizes and its corresponding 
polymer production and presence in solution. Results are obtained by multiplying the adsorption constant, 𝑎 in equation (4) 
to match the cumulative adsorption profile of the 96-cell model after upscaling the relative permeabilities. This has also 
improved the match of polymer in solution and production.  
 
            
          
Fig.8- (a) Polymer adsorption match obtained for the reversible case (b) Polymer adsorption match obtained for the irreversible case 
(c) Corresponding polymer in solution for the irreversible case (d) Corresponding polymer production for the irreversible case 
 
The degree of deviation from the 96-cell model is different for each model so different multiplication factors are required to 
upscale the adsorption in each model. From this, the relationships between the aggregation ratio and the adsorption 
multiplication factors are obtained and shown in Fig.9. 
 
       
Fig.9- (a) Adsorption constant multiplication factor variation with aggregation ratio in 1D irreversible homogenous model (b) 
Adsorption constant multiplication factor variation with aggregation ratio in 1D reversible homogenous model 
 
It is clear that the multiplication factors are larger than 1.0 for the irreversible cases and less than 1.0 for the reversible cases. 
The improvement seen in the results shown in Fig.8 gives confidence to apply this concept to further test cases. 
 
(a) (b) 
(a) (b) 
(c) (d) 
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1D Test Case. Adsorption upscaling in the coarse model has been done by multiplying the factor obtained in Fig.9. The 
irreversible case results shown in Fig.10 compares the (1) fine grid model; (2) coarse grid model; (3) coarse grid model with 
pseudoisation only; and (4) coarse grid model with pseudoisation and adsorption upscaling. 
 
       
       
       
Fig.10- Results are from the 1D Test irreversible case (a) Recovery factor (b) Water cut (c) Cumulative adsorption (d) Polymer in 
Solution (e) Polymer production (f) Reservoir pressure changes 
 
Pore volume weighted pseudoisation clearly reproduces the recovery factor and improves the results of water cut comparative 
to the fine model. The recovery factor of the coarse models with pseudoisation has a slight deviation from the fine model 
after water breakthrough but the final recovery factor matches accurately. Although a longer production time is observed in 
the fine model than in the coarse model, there is a good agreement in the timing of breakthrough. However, pseudoisation has 
a limited effect on the polymer results and adsorption upscaling is necessary to improve them. It has been observed that the 
adsorption upscaling in turn has only a minimal impact on recovery factor and water breakthrough time. The best overall 
results have been obtained when both relative permeability and adsorption are upscaled.  
 
The reversible case also showed similar agreements but less convincing than the irreversible case. Fig.11 shows the 
reversible case results which used multiplication factors obtained from Fig.9. Pseduoisation once again improves both the 
recovery factor and water breakthrough time. This case already has good agreement in the polymer production profile with 
the fine model but it still requires the history matching of cumulative polymer adsorption to improve the polymer results 
further. 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
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Fig.11- Results are from the 1D Test reversible case (a) Recovery factor (b) Water cut (c) Cumulative adsorption (d) Polymer in 
Solution (e) Polymer production (f) Reservoir pressure changes 
 
The results obtained from the 1D test case suggests that the pore volume weighted pseudoisation reproduces the fine model 
results and when it is combined with the adsorption upscaling, there is a good agreement in overall results with the fine 
model. This gives confidence to test the upscaling process in more complex 2D and 3D models. 
 
2D Simulation Cases 
 
2D Test Case 1. This case investigates the impact of numerical dispersion on gravity and vertical flow which may present in 
the 1D simulation cases due to the lack of vertical resolution. The multiplication factors used in adsorption upscaling are 
from Fig.9. The results for the irreversible and reversible cases are shown in Appendix B.5. 
     There is a good agreement between the fine model and the coarse model with pseudoisation and adsorption upscaling. 
This suggests numerical dispersion in the vertical direction does not have a significant impact on upscaling of polymer 
flooding. The reason may be due to thinner vertical dimension comparative to the horizontal dimensions. The thickness of 
reservoir is 50m and the coarse model already has significant vertical resolution of 16m. We have seen from the grid 
refinement studies that once the grid size becomes approximately 10m, there has not been much difference in the simulation 
results. 
 
2D Test Case 2. This case investigates the impact of heterogeneity on the polymer flooding model. Since this model has the 
same dimensions as previous simulation cases, the trial adsorption multiplication factor is once again from Fig.9. However, 
the results presented in Appendix Fig.B.6a show that this multiplication factor no longer works and suggests a different value 
is needed; a value of less than 1.0 is required. Unlike previous irreversible cases, the fine model shows less polymer 
(a) (b) 
(c) (d) 
(e) (f) 
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adsorption than the coarse model.  
     The results suggest that introducing the heterogeneity may lower the multiplication factor. The reason for such 
phenomenon may be due to the fact that more of polymer solution tries to flow through the high permeability channel. This 
increases the polymer concentration within the channel thus increasing the polymer adsorption to the rock. This effect is 
more pronounced in the coarse model as the polymer solution travels faster due to smearing effect and each grid has larger 
pore volume.      
     Another reason may be the 90% water cut limit is reached earlier than in the homogeneous domain and there has not been 
enough time for the polymer in low permeability zone to be adsorbed to the rock. This is more pronounced in the fine model 
leaving higher amount of polymers in the solution. Fig.12 shows polymer concentration at the end of the simulation.  
 
         
Fig.12. – Polymer saturation profile after economic water cut limit of 90% for 2D Test Case 2, irreversible case (a) fine grid model (b) 
coarse grid model 
 
The results presented in Appendix Fig.B.6b shows that a new multiplication factor of 0.88 shows an improved adsorption 
match with the fine model. There is a clear improvement in the polymer results in the case of both pseudoisation and 
adsorption upscaling. It has been observed that the large change in the multiplication factor still has little impact on the 
recovery factor and water breakthrough time which is consistent with previous test case results.  
     A homogenization on top of the pseduoisation and adsorption upscaling produces a more optimistic recovery factor but 
there is a slight improvement in the water breakthrough time and the polymer results. However, the improvement is not 
significant and requires further testing. 
     In the reversible case, the multiplication factor has not required adjustment. It may require a slight lower multiplication 
factor but the channelling effect is not much pronounced. However, the fine model shows little peak drop when comparing 
with the homogenous case which may be caused by the channelling. The results are shown in Appendix Fig.B.6c. 
 
2D Test Case 3. This case investigates the impact of change in the reservoir volume on polymer adsorption. Appendix 
Fig.B.7a shows the results for the first trial irreversible case with the multiplication factor from Fig.9. 
     This value still improves the polymer adsorption to some degree but higher multiplication factor is desired. The results in 
Appendix Fig.B.7b are obtained by using the factor of 4.0. 
     The main reason for such difference could be ten-fold increase in the volume of reservoir; the previous simulation cases 
were conducted in a 5.0 × 106 m3 reservoir and this case is performed in a 5.0 × 107 m3 reservoir. Since the total amount of 
polymer solution injected into the reservoir is the same, there are more pore volumes that this polymer can spread due to 
larger pore volume. This reduces the concentration of polymer surrounding the rock which lowers the amount of polymer 
being adsorbed. Fig.6 and 7 suggests that such drop of concentration in the coarse model is expected to be much higher than 
the fine model due to higher smearing of shock fronts. Therefore, higher adsorption multiplication factor is required to 
account for the increased contrast in the concentrations. 
     Similar results are observed in the reversible case where using the factor of 0.78 from Fig.9 gives too little polymer 
adsorption; see Appendix Fig.B.7c. Therefore, the multiplication factor needs to be higher to account for the decreased 
contrast between the coarse and fine models similarly to the irreversible case. The optimum factor has been found to be 0.92 
and the results obtained are shown in Appendix Fig.B.7d.  
 
3D Simulation Cases 
 
3D Test Case 1. This case investigates the impact of vertical resolution on the 5.0 × 107 m3 reservoir. The trial multiplication 
factor of 4.0 is used in the irreversible case. Appendix Fig.B.8a shows the results.  
     There is a good agreement with the fine model in all aspects of the simulation results when the coarse model is upscaled 
with both pseudoisation and adsorption upscaling. 
(a) (b) 
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Fig.B.8b shows the results of the reversible case which used a multiplication factor of 0.84; slightly less than that required in 
2D Test Case 3. A possible reason for the lower multiplication factor may be due to the improvement in vertical resolution in 
the fine model. This increases the adsorption contrast between the coarse and fine models which causes the multiplication 
factor to deviate further from 1.0. Once again, the coarse model with pseduoisation and adsorption upscaling shows the best 
agreement in all aspects comparing with the fine model.  
 
3D Test Case 2. This case investigates the impact of thief layer in 3D model. The trial factor of 4.0 in the irreversible case 
has not shown a good agreement with the fine model; see Appendix Fig.B.9a for the results. The optimum factor here is 1.16; 
see Appendix Fig.B.9b for the results. The adsorption contrast between the coarse and fine models is greatly reduced when 
comparing with the previous homogeneous case. The reason may be seen due to the high permeability channel causing higher 
concentration of polymer solution to flow through this layer. This reduces the effective volume of reservoir which in turn 
reduces the adsorption contrast. Therefore, the previous factor becomes too large for this case. The effect is more pronounced 
in the 3D case than in the 2D vertical case because of the increase in the volume of reservoir.  
     However, in the reversible case, desorption has minimized such channelling effect and the multiplication factor has 
required a slight adjustment to 0.78. The results for the reversible case are shown in Appendix Fig.B.9c.  
 
3D Test Case 3 – Real field example. This is a highly heterogeneous reservoir. The initial multiplication factor used in the 
irreversible case is 4.0 because of its similarity in reservoir dimensions with the previous test cases. It has been observed that 
the heterogeneity greatly decreases the adsorption contrast and the value of the multiplication factor. This example follows 
the same argument and the optimum value of 0.90 is found by history matching. Fig.13 illustrates the results. 
 
     
      
      
Fig.13- Results are from irreversible case of Wytch farm sector models with adsorption multiplication factor of 0.90 (a) Recovery 
factor (b) Water cut (c) Cumulative adsorption (d) Polymer in Solution (e) Polymer production (f) Reservoir pressure changes 
(a) (b) 
(c) (d) 
(e) (f) 
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Pseudoisation of relative permeability in the coarse model reproduces the recovery factor of the fine grid and improves the 
water cut result. However, the polymer results still need adjustment without adsorption upscaling. 
It is clear that the coarse model with both pseudoisation and adsorption upscaling shows an almost exact match in the 
cumulative adsorption profile at all times. This also improves the polymer production profile and even slightly increases the 
recovery factor. 
 
In the reversible case, the trial factor of 0.84 has been found to be high and the optimum factor of 0.60 is obtained through 
history matching. Similar to the irreversible case, the heterogeneity has reduced the value of multiplication factor. The results 
are shown in Fig.14. 
 
      
       
       
Fig.14- Results are from reversible case of Wytch farm sector models with adsorption multiplication factor of 0.60 (a) Recovery 
factor (b) Water cut (c) Cumulative adsorption (d) Polymer in Solution (e) Polymer production (f) Reservoir pressure changes 
 
The coarse model with pseudoisation once again reproduces the recovery factor of the fine model. However, it has limited 
effect on the polymer results and the coarse model with both pseudoisation and adsorption upscaling has shown better 
prediction in polymer results as well as slight improvement in the recovery factor.  
Discussion 
Pore volume weighted pseudoisation of relative permeability in the coarse model reproduces the recovery factor and water 
breakthrough time of the fine model for the secondary polymer flooding simulation. It is clear that pseudoisation greatly 
reduces the effect of numerical dispersion on the flow of oil and polymer solution. However, it does not vastly improve the 
polymer results. Hence, an appropriate adsorption upscaling should be applied to improve the polymer results in the coarse 
(a) (b) 
(c) (d) 
(e) (f) 
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model. 
     In this work, we have shown that by introducing a multiplication factor to the adsorption equation, the effect of numerical 
dispersion in the polymer results can be reduced and this also slightly improved the recovery factor. This study investigated 
both irreversible and reversible cases and it was found that different multiplication factors are required for each case. 
Although the smearing effect due to the numerical dispersion decreases the block concentration of polymer solution with the 
increase in gridblock sizes, the multiplication factor may not necessarily be larger than 1.0. From the 1D reversible case 
results in Fig.5b shows that the amount of adsorption may also be the function of time if desorption is present. The exact 
timing when the multiplication factor changes from less than 1.0 to above 1.0 is beyond the scope of this paper and may 
subject to future studies.  
     It was also interesting to show that the adsorption contrast increases with the increase in the volume of reservoir. There are 
more pore volumes which the injected polymer solution can spread and this reduces the concentration of polymer 
surrounding the rock. This lowers the amount of polymer being adsorbed in both coarse and fine models but Fig.7 suggests 
that such drop in concentration is higher in the coarse model than in the fine model due to higher smearing of the shock 
fronts. Therefore, there is an increase in the contrast of polymer concentration which results in a higher multiplication factor. 
     Another main consideration in this study was how the heterogeneity affects the polymer adsorption and its contrast in the 
coarse and fine models. The simulation results from the heterogeneous domains suggested that an increase in heterogeneity 
does have an impact on the cumulative adsorption profile and its contrast. There is a preference of the injected polymer 
solution flowing through the high permeability blocks and this increases the concentration of polymer within these cells. 
Such phenomenon results in lowering the adsorption contrast and the value of multiplication factor. In the case of highly 
heterogeneous reservoirs, the multiplication factors in both irreversible and reversible cases were less than 1.0.  
     The main purpose of this paper was not to propose an accurate equation to upscale the adsorption but to show that 
adsorption can be upscaled with a simple approach; change the value of adsorption constant, 𝑎 in the Langmuir isotherm. For 
this purpose, it has successfully shown that the adsorption upscaling may significantly improve the polymer results in the 
coarse models. 
     This study did not include the effect of shear thinning, salinity variations, and permeability dependence of polymer 
solution. Inclusion of such parameters may alter the mobility ratio and the polymer adsorption. This could affect the 
multiplication factor and non-linearity in determining the value. Different Langmuir isotherm models may act differently and 
may alter the multiplication factor but these topics cannot be presented succinctly here and should be discussed in follow-up 
studies. 
Conclusion 
This study has demonstrated a procedure and summarized results for upscaling polymer adsorption for secondary polymer 
flooding. We have also showed that the pseudoisation of relative permeabilities improves numerical dispersion on the flow of 
oil and polymer solution.      
     Polymer flooding is in many ways vulnerable to numerical dispersion. Although pore volume weighted pseudoisation 
gives accurate upscaling of recovery factor and breakthrough time in most cases, this has little impact on polymer adsorption 
and production profiles. Hence, without appropriate upscaling of polymer adsorption, improvements are limited only to flow 
of oil and water.  
     Adsorption upscaling can improve the numerical dispersion of cumulative adsorption to the rock in conventional finite 
difference simulators which in turn reduces the mismatch in polymer production and concentration of polymer present in 
solution. Therefore, adsorption upscaling may be able to optimize and contribute to polymer flooding operations by providing 
better prediction on the amount of polymer required. Without such implementation, there is high chance of overestimation of 
required polymer in operation as numerical dispersion causes coarse models to predict higher amounts of adsorption in all of 
the reversible cases and most heterogeneous irreversible cases. It was shown that such overestimation can be higher than 50% 
in highly heterogeneous reservoirs. Therefore, the upscaling of adsorption may lead to polymer flooding as a more cost 
effective strategy.  
     Although it has been shown that adsorption upscaling works on improving numerical dispersion, there have been several 
assumptions and restricted factors which should be considered in future studies. Future work should investigate all aspects of 
polymer flooding properties such as shear thinning effect and permeability reductions which were assumed to be constant in 
this paper. Also, instead of using a tartan grid formation, near well upscaling case should be considered as such grids create 
pressure build-up and drop in injector and producer cells. Lastly, the viscosity of oil used in this paper was light oil with the 
viscosity of 2.0 cP to achieve the mobility ratio of less than 1.0. However, in many polymer operations, the mobility ratio is 
higher than 1.0 because of high viscosity of displaced oil. Therefore, future work should consider higher mobility ratio and 
check whether this has an impact on upscaling of adsorption. 
Nomenclature 
f𝑤 Fractional flow of water 
S𝑤          Saturation of water 
ρ𝑗 Density of phase j (kg / m
3
) 
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ϕ Porosity 
μ𝑗           Viscosity of phase j (cP) 
μ𝑗,𝑒𝑓𝑓      Effective viscosity of phase j (cP) 
k𝑗           Permeability of phase j (mD) 
M           Mobility ratio 
𝜆            Mobility (mD / cP) 
ω           Todd-Longstaff mixing parameter 
𝐶𝑎𝑑𝑠       Rock adsorbed polymer concentration (µg / cm
3
) 
𝐶            Polymer concentration in the solution surrounding the rock 
m            Exponent for concentration dependence 
𝑎            Adsorption coefficient (1) 
𝑏            Adsorption coefficient (2) 
S𝐼𝑃𝑉       Saturation in inaccessible pore volume                                                                                                                                                                    
R𝑘 Permeability reduction factor 
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APPENDIX A 
 
CRITICAL LITERATURE REVIEW 
 
UPSCALING OF POLYMER FLOODING IN HETEROGENEOUS RESERVOIRS 
 
SPE 
Paper n 
Year Title Authors Contribution 
844 
 
 
1964 Laboratory and Field Studies of 
Water Floods Using Polymer 
Solutions to Increase Oil 
Recoveries 
Sandiford, B.B. 
 
First to establish the fact that the mobility of the 
brine was reduced by the addition of HPAM and 
increases oil recovery 
Provided knowledge on polymer flooding model 
and its mechanisms 845 
 
1964 Improved Secondary Recovery 
by Control of Water Mobility 
Pye, David J. 
7660 
 
1980 The Application of Fractional 
Flow Theory to Enhanced Oil 
Recovery 
Gary A.P. Provided technique in using Buckley & Leverett 
(1942) shock fronts for polymer flooding with 
adsorption. 
Englewood 
Cliffs 
 
 
1989 Enhanced Oil Recovery Lake L.W. Provided in depth knowledge on polymer 
flooding model. Provided polymer model inputs 
used in the simulation studies based on real field 
data. 
Reservoir 
Characteri- 
zation II 
 
1991 Generation of Effective Relative 
Permeabilities from Detailed 
Simulation of Flow in 
Heterogeneous Porous Media 
Muggeridge 
A.H. 
Provided methodology used in homogenization 
of the fine grid heterogeneous model 
29098 1995 A High-Resolution, Fully 
Implicit Method for Enhanced 
Oil Recovery Simulation 
Liu  J. 
Pope G.A. 
Sepehrnoori K. 
First to develop and demonstrated third-order 
total variation diminishing scheme to reduce 
numerical dispersion 
Provided the evidence of smearing of shock 
fronts in polymer flooding model. 
EAGE 1996 An Analysis of Dynamic Pseudo 
Relative Permeability Methods 
for oil and water flows 
Barker J.W. 
Dupouy P. 
Provided knowledge of six different dynamic 
pseudo relative permeability methods and 
justified the choice of pore volume weighted 
method used in upscaling relative permeability 
in this paper 
Editions 
OPHRYS 
2007 Essentials of Reservoir 
Engineering 
Pierre D. Provided Corey function parameters to generate 
the relative permeability curves used in this 
paper 
115545 2010 Polymer flooding modelling 
using streamlines 
Thiele M.R., 
Batycky R.P. 
Pöllitzer S. 
Clemens.T. 
Produced coupled model of numerical 
modelling of polymer flooding to capture 1D 
displacement efficiency and 3D streamline 
simulator to capture the inter-pattern sweep 
efficiency 
 
Provided the mathematical representations of 
polymer flooding with adsorption. 
129910 2010 Inaccessible Pore Volume of 
Associative Polymer Floods 
Pancharoen M. 
Thiele M.R. 
Kovscek A.R. 
Provided experimental and numerical evidences 
for the quantitative values of IPV and 
permeability reduction factors. Also showed 
brine salinity reduces the values of IPV and Rk. 
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SPE 844 - Laboratory and Field Studies of Water Floods Using Polymer Solutions to Increase Oil Recoveries 
Journal of Petroleum Technology. 1964. 
 
Author: Sandiford, B.B. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided knowledge on polymer flooding model and its mechanisms 
 
 
Objective of Paper: 
To show that polymer solution reduces the mobility of brine and increases oil recovery 
 
 
Methodology used: 
1. Laboratory waterflood tests of both small cores and long sand packs with and without polymer solution 
2. Field studies of polymer flooding in the West Cat Canyon field, Santa Barbara County, Calif and three other 
locations. 
 
 
Conclusions reached: 
1. Polymer solutions may lead to an increase in oil recovery by improving sweep efficiency 
2. Polymer solutions may lead to an increase in oil recovery by improving microscopic displacement efficiency 
3. Combination of these mechanisms may increase the oil recovery 
 
 
Comments: 
It is widely accepted that polymer flooding leads to an increase in oil recovery by improving sweep efficiency and little by 
improvement of microscopic displacement efficiency 
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SPE 845 - Improved Secondary Recovery by Control of Water Mobility 
Journal of Petroleum Technology. 1964. 
 
Author: Pye, D.J. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided knowledge on polymer flooding model and its mechanisms 
 
 
Objective of Paper: 
To show certain polymers increase the viscosity of water and economic feasibility of method  
 
Methodology used: 
1. Laboratory experiment to confirm the viscosity increase when polymers are mixed with water 
2. Field pilot study to confirm the laboratory experiment 
 
 
Conclusions reached: 
1. Polymer solution improved areal sweep, permeability distribution and displacement efficiencies 
2. Based on pilot data, polymer flooding is economically feasible. 
 
 
Comments: 
First economic feasibility study on polymer flooding of highly viscous oil.  
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SPE 7660 - The Application of Fractional Flow Theory to Enhanced Oil Recovery 
Journal of Petroleum Technology. 1980. 
 
Author: Gary A.P. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided technique in using Buckley & Leverett (1942) shock fronts for polymer flooding with adsorption 
 
 
Objective of Paper: 
Review of fractional flow theory in various enhanced oil recovery mechanisms 
 
 
Methodology used: 
Explained the equations and showed fractional flow diagram for each EOR mechanism 
 
 
Conclusions reached: 
1. Theory is limited to one dimension but extension into two dimensions through streamline models is possible. 
2. Fractional flow has limitations in representing fingerings in two-phase flow 
 
 
Comments: 
Fractional flow of polymer with adsorption can be represented by including the retardation factor. 
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Generation of Effective Relative Permeabilities from Detailed Simulation of Flow in Heterogeneous Porous Media. 
Reservoir Characterization II. Academic Press. 1991 
 
 
Author: Muggeridge A.H. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Homogenization method of the fine heterogeneous model  
 
 
Objective of Paper: 
To show how well effective relative permeabilites from fine heterogeneous model represents the heterogeneous porous media 
 
 
Methodology used: 
1. Simulation methods of Christie (1989) to derive the effective relative permeabilities from the three different 
heterogeneous media 
2. Effective absolute permeabilities derived using the method of Begg and Dransfield (1987) 
3. Effective relative permeabilities derived using the method of Jones and Roszelle (1978) 
4. Use results from 2 and 3 to represent 1D homogeneous flow 
5. Develop pseudo relative permeability which can incorporate heterogeneity with low numerical dispersion using 
Kyte and Berry method (1975)  
 
 
Conclusions reached: 
1. Replacing the heterogeneous fine model relative permeability with pseudo relative permeability can represent its 
average flow  
2. Pseudo-functions can incorporate heterogeneity and compensate for numerical dispersion in coarse models 
 
 
Comments: 
Several established methods to develop pseudo-functions which incorporate heterogeneity and reduce 2D model into 1D 
model by successive scale up.  
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SPE 29098 – A High-Resoltion, Fully Implicit Method for Enhanced Oil Recovery Simulation  
Conference Paper 1995. 
 
Author: Liu, J., Pope, G.A. and Sepehrnoori, K 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided the evidence of smearing of shock fronts in polymer flooding model due to numerical dispersion. 
 
 
Objective of Paper: 
To propose newly developed high-resolution total-variation diminishing (TVD) finite difference scheme  
 
 
Methodology used: 
A variety of simulation results of enhanced oil recovery processes using conventional IMPES method was compared with the 
results obtained using the new proposed algorithm. 
 
 
Conclusions reached: 
1. The new algorithm and simulator are verified by the good agreement between numerical results and analytical 
solutions. 
2. The new algorithm has higher resolution than standard methods  
3. The new algorithm is more stable than the IMPES method and such stability is preserved with non-uniform grids. 
 
 
Comments: 
This paper clearly showed that there are smearing effects in Buckley-Leverett shock fronts for polymer flooding model 
caused by numerical dispersion in conventional IMPES algorithm simulators. 
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An Analysis of Dynamic Pseudo Relative Permeability Methods for oil and water flows 
EAGE. Geological Society. Petroleum Geoscience. Vol 5. PP 385-394. 1996. 
 
Author: Barker J.W., Dupouy P. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided knowledge of six different dynamic pseudo relative permeability methods and justified the choice of pore volume 
weighted method used in upscaling relative permeability in this paper 
 
 
Objective of Paper: 
Analysis of dynamic pseudo relative permeability methods for incompressible, immiscible two phase flow. 
 
 
Methodology used: 
Six different pseudo relative permeabilities are generated from the fine model on a coarse model 
 Stone’s method 
 Kyte and Berry method 
 Pore volume weighted method 
 Total mobility method 
 Quasi- steady state method 
 Weighted method (Transmissibility weighted fine grid) 
 
 
Conclusions reached: 
1. Pore volume weighted and Kyte & Berry methods reproduce the relative permeability of the fine model  
2. Pore volume weighted and Kyte & Berry methods sometimes produce problems of negative and infinite pseudo 
relative permeabilities. 
3. Stone, Weighted, Quasi-steady state and Total mobility methods do not show good agreement with the fine model 
 
 
Comments: 
Although Pore volume weighted method has problems of producing infinite and negative pseudo relative permeabilities 
which make it difficult to use, this method was chosen because it reproduces the relative permeability of the fine model to an 
extent. 
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SPE 115545 - Polymer flooding modelling using streamlines – Part 1.  
SPE Reservoir Evaluation & Engineering, 2010b 
 
 
Author: Thiele M.R., Batycky R.P., Pöllitzer S. and Clemens.T. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided the mathematical representations of polymer flooding with adsorption. 
 
 
Objective of Paper: 
To show that streamline simulators can successfully simulate the polymer flooding model 
 
 
Methodology used: 
1. Polymer flooding results from conventional finite difference simulator was compared with results from streamline 
simulator. 
2. 1D and 2D synthetic simulation cases as well as 3D real field simulation case were performed and compared. 
 
Conclusions reached: 
Produced coupled model of numerical modelling of polymer flooding to capture 1D displacement efficiency and 3D 
streamline simulator to capture the inter-pattern sweep efficiency 
 
 
Comments: 
The mathematical model which was used in the paper is similar to this study. 
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SPE 129910 – Inaccessible Pore Volume of Associative Polymer Floods 
SPE Improved Oil Recovery Symposium. 2010. 
 
 
Author: Pancharoen M., Thiele M.R. and Kovscek A.R. 
 
 
Contribution to Upscaling of Polymer Flooding in Heterogeneous Reservoir: 
Provided experimental and numerical evidences for the input values of IPV and permeability reduction factors used in this 
paper. 
 
 
Objective of Paper: 
To show that the newly developed associated, water-soluble polymers are superior to predecessors. 
 
 
Methodology used: 
Investigated experimentally and numerically 
1. Inaccessible pore volume  
2. Permeability reduction factor 
3. Interfacial tension characteristics 
of 3 different associative polymers and compared with a conventional hydrolysed polyacrylimide. 
 
Experiments were conducted by injecting polymer solutions through a 12 Darcy sandpack and measured the separation 
between effluent concentration profiles of the polymer 
 
 
Conclusions reached: 
The associative polymers yield IPV of 20-40% and Rk of 1.1 to 1.5 and salinity reduces both values. 
 
 
Comments: 
The IPV and Rk values are for newly developed polymer.  Therefore, the simulation cases conducted in this paper used slight 
moderate values of IPV and Rk than the results as this would represent more generally used polymers. 
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APPENDIX B 
Simulation Results 
 
B.1 Relative permeability 
 
Both mixed wet and water wet case relative permeability is obtained by Corey type correlations 
 
Mixed wet case 
Krw =  0.4 [
𝑆𝑤 − 0.25
1 − 𝑆𝑤𝑐 − 𝑆𝑜𝑟
]
4
  𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛 𝑀𝑖𝑥𝑒𝑑 𝑊𝑒𝑡 𝑐𝑎𝑠𝑒 
 
Kro =  [
𝑆𝑜 − 0.2
1 − 𝑆𝑤𝑐 − 𝑆𝑜𝑟
]
4
  𝑓𝑜𝑟 𝑂𝑖𝑙 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛 𝑀𝑖𝑥𝑒𝑑 𝑊𝑒𝑡 𝑐𝑎𝑠𝑒 
 
Oil end point value is 1.0 and water end point value is 0.4. Connate water saturation, Swc is 0.25 and residual oil saturation is 
0.2.  Corey exponents n and m are both 4. 
 
 
Water wet case 
Krw =  [
𝑆𝑤 − 0.25
1 − 𝑆𝑤𝑐 − 𝑆𝑜𝑟
]
4
  𝑓𝑜𝑟 𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 𝑊𝑒𝑡 𝑐𝑎𝑠𝑒 
 
Kro =  0.8 [
𝑆𝑜 − 0.3
1 − 𝑆𝑤𝑐 − 𝑆𝑜𝑟
]
2
  𝑓𝑜𝑟 𝑂𝑖𝑙 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛 𝑊𝑎𝑡𝑒𝑟 𝑊𝑒𝑡 𝑐𝑎𝑠𝑒 
 
Oil end point value is 0.8 and water end point value is 1.0. Connate water saturation, Swc is 0.25 and residual oil saturation is 
0.3.  Corey exponents n is 4 and m is 2. 
 
 
 
       
Fig B.1. (a) Relative permeability curve for mixed wet phase  (b) Relative permeability for water wet phase 
 
 
 
 
 
 
 
 
(a) (b) 
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B.2 Waterflooding simulation results 
 
 
Mixed wet case 
 
      
 
Fig B.2a. Results are from mixed wetting phase waterflooding case (a) Impact of gridblock sizes on recovery factor (b) impact of grid 
size variations on water breakthrough (c) Impact of gridblock sizes on change in reservoir pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) 
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Waterflood Water wet case 
 
      
 
Fig B.2b. Results are from water wetting phase waterflooding case (d) Impact of gridblock sizes on recovery factor (e) impact of grid 
size variations on water breakthrough (f) Impact of gridblock sizes on change in reservoir pressure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) 
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B.3 Polymer flooding simulation results -1D homogeneous  
 
Irreversible case 
 
       
            
 
Fig B.3a. Irreversible case results for 1D homogenous polymer flooding simulation (a) Recovery factor (b) Watercut (c) Polymer 
adsorption (d) Polymer production (e) Reservoir pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) 
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Reversible case 
 
       
      
 
Fig B.3b. Reversible case results for 1D homogenous polymer flooding simulation (a) Recovery factor (b) Watercut (c) Polymer 
adsorption (d) Polymer production (e) Reservoir pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) 
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B.4 Pseudoised relative permeability 
 
     Each gridblock is assigned with discrete pseudoised relative permeability which has been formulated by pore volume 
weighted method using Pseudo module in Eclipse blackoil simulator. The values required to be monotonically increase and 
this has been corrected by Pseudo module. 
 
      
 
Fig B.4. Pseudo relative permeability for 1D homogenous coarse model (a) Gridlock adjacent to injector well  (b) Gridblock in the 
middle (c) Gridblock adjacent to producer well 
  
(a) (b) 
(c) 
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B.5 Polymer flooding simulation results - 2D Test Case 1. 
 
 
Irreversible case 
 
       
      
       
Fig B.5a. Irreversible case results for 2D vertical homogenous polymer flooding simulation (a) Recovery factor (b) Watercut (c) 
Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
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Reversible case 
 
      
      
       
Fig B.5b. Reversible case results for 2D vertical homogenous polymer flooding simulation (a) Recovery factor (b) Watercut (c) 
Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
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B.6 Polymer flooding simulation results - 2D Test Case 2. 
 
Irreversible case 
 
       
      
       
Fig B.6a. Irreversible case results for 2D vertical heterogeneous polymer flooding simulation using adsorption multiplication factor 
of 1.7 (a) Recovery factor (b) Watercut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir 
pressure changes 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
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Fig B.6b. Irreversible case results for 2D vertical heterogeneous polymer flooding simulation using adsorption multiplication factor 
of 0.88 (a) Recovery factor (b) Watercut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir 
pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
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Reversible case 
 
    
    
     
Fig B.6c. Reversible case results for 2D vertical heterogeneous polymer flooding simulation using adsorption multiplication factor 
of 0.78 (a) Recovery factor (b) Watercut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir 
pressure changes 
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B.7 Polymer flooding simulation results - 2D Test Case 3. 
 
Irreversible case 
 
      
      
       
Fig B.7a. Irreversible case results for 2D areal homogenous polymer flooding simulation using adsorption multiplication factor of 
1.7 (a) Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir 
pressure changes 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
Upscaling polymer flooding in heterogeneous reservoirs  39 
      
 
Fig B.7b. Irreversible case results for 2D areal homogenous polymer flooding simulation using adsorption multiplication factor of 
4.0 (a) Polymer adsorption (b) Polymer production  (c) Polymer present in solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) 
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Fig B.7c. Reversible case results for 2D areal homogenous polymer flooding simulation using adsorption multiplication factor of 
0.78 (a) Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir 
pressure changes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
(e) (f) 
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Fig B.7d. Reversible case results for 2D areal homogenous polymer flooding simulation using adsorption multiplication factor of 
0.92 (a) Polymer adsorption (b) Polymer production  (c) Polymer present in solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
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B.8 Polymer flooding simulation results - 3D Test Case 1. 
 
Irreversible case 
 
      
       
       
Fig B.8a. Irreversible case results for 3D homogenous polymer flooding simulation using adsorption multiplication factor of 4.0 (a) 
Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir pressure 
changes 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
(c) (d) 
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Reversible case 
 
       
      
       
Fig B.8b. Reversible case results for 3D homogenous polymer flooding simulation using adsorption multiplication factor of 0.84 (a) 
Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (f) Reservoir pressure 
changes 
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B.9 Polymer flooding simulation results - 3D Test Case 2. 
 
Irreversible case 
 
      
      
 
Fig B.9a. Irreversible case results for 3D homogenous polymer flooding simulation using adsorption multiplication factor of 4.0 (a) 
Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (Note: Reservoir 
pressure shows little change thus this result is not included) 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
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Fig B.9b. Irreversible case results for 3D homogenous polymer flooding simulation using adsorption multiplication factor of 1.16 (a) 
Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (Note: Reservoir 
pressure shows little change thus this result is not included) 
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Reversible case 
 
      
      
 
Fig B.9c. Reversible case results for 3D homogenous polymer flooding simulation using adsorption multiplication factor of 0.78 (a) 
Recovery factor (b) Water cut (c) Polymer adsorption (d) Polymer production (e) Polymer present in solution (Note: Reservoir 
pressure shows little change thus this result is not included) 
 
  
(a) (b) 
(c) (d) 
(e) 
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APPENDIX C 
Tables and Pictures 
 
C.1. Simulation grid formations for 2D Test Case 2 
  
       
 
Fig. C.1. – (a) Fine grid thief zone model (b) Coarse grid thief zone model (c) Coarse grid homogenized model 
 
 
 
C.2. Reservoir parameters for 3D Test Case 3 – Real Field Example 
 
Table C.1. Reservoir parameters of Wytch farm field 
Distance between wells 1270 m 
Reservoir thickness >100 m 
Reservoir width 900 m 
Water compressibility 3.12E-05 Bar
-1
 
Rock compressibility 4.37E-05 Bar
-1
 
Water Formation Volume Factor 1.0157 rb/stb 
Viscosity of pure water 0.697 cP 
Viscosity of oil 2.0 cP 
Density of water 1156.6 kg/m
3
 
Density of oil 740 kg/m
3
 
Density of rock 2850 kg/m
3
 
Initial reservoir pressure 165.7 bars 
Reservoir volume control rate 750 m
3
/day 
 
 
 
 
(a) (b) 
(c) 
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C.3. Porosity Distribution for 3D Test Case 3 – Real Field Example 
 
Upscaling method was pore volume weighted arithmetic average and Fig.C.2 shows that the upscaled porosity is consistent 
with the fine-grid model.  
 
 
Fig C.3. Histogram comparison of porosity between the fine and coarse models of Wytch farm field. 
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C.4. Permeability Distribution for 3D Test Case 3 – Real Field Example 
 
Upscaling method was Cardwell-Parsons weighted directional average and Fig.C.3a shows that the upscaled permeability is 
consistent with the fine-grid model.  
 
 
Fig C.4a. Histogram comparison of permeability between the fine and coarse models of Wytch farm field. 
 
 
One of the fundamental importance in creating the coarse model from the fine model of Wytch farm is that of preservation of 
the shale layers which act as barrier to flow. Fig.C.3b shows that most of the shale layers are preserved. 
 
 
Fig.C.4b. – Permeability distribution comparison between the fine and coarse sector models of Wytch farm field 
 
 
 
 
 
 
 
(a) 
(b) 
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APPENDIX D 
Sample Simulation Data Files 
 
D.1. 1D ECLIPSE CODE INPUT DATA – 1D Fine Grid Model 
  
RUNSPEC 
TITLE 
  Upscaling Polymer Flooding in Heterogeneous Reservoirs - 96 fine model – reversible case 
 
DIMENS 
   98   1    1  / 
 
-- PHASES PRESENT 
OIL 
 
WATER 
 
POLYMER 
 
-- UNITS 
METRIC 
 
TABDIMS 
    1    1   52   10    2   20 / 
 
REGDIMS 
    2    1    0    0 / 
 
WELLDIMS 
    2    1    1    2 / 
 
START 
   1 'JAN' 2013  / 
 
NSTACK 
    10 / 
 
UNIFIN 
 
GRID      ============================================================== 
 
INIT 
 
PSEUDO 
 
DX 
20 96*10 20 / 
 
EQUALS 
'DY'          100 / 
'DZ'           50 / 
'PERMX'  200 / 
'TOPS'      1200.0 / 
'PORO'      0.2 / 
/ 
RPTGRID 
-- Report Levels for Grid Section Data 
--  
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'PORO'  
'PORV'  
 /  
PROPS     ============================================================== 
 
--MIXED WET 
 
SWOF 
--   Sw   Krw   Pwo 
    
0.25 0 1.0 0 
0.261 0.000000064 0.92236816 0 
0.272 0.000001024 0.84934656 0 
0.283 0.000005184 0.78074896 0 
0.294 0.000016384 0.71639296 0 
0.305 0.00004 0.6561 0 
0.316 8.2944E-05 0.59969536 0 
0.327 0.000153664 0.54700816 0 
0.338 0.000262144 0.49787136 0 
0.349 0.000419904 0.45212176 0 
0.36 0.00064 0.4096 0 
0.371 0.000937024 0.37015056 0 
0.382 0.001327104 0.33362176 0 
0.393 0.001827904 0.29986576 0 
0.404 0.002458624 0.26873856 0 
0.415 0.00324 0.2401 0 
0.426 0.004194304 0.21381376 0 
0.437 0.005345344 0.18974736 0 
0.448 0.006718464 0.16777216 0 
0.459 0.008340544 0.14776336 0 
0.47 0.01024 0.1296 0 
0.481 0.012446784 0.11316496 0 
0.492 0.014992384 0.09834496 0 
0.503 0.017909824 0.08503056 0 
0.514 0.021233664 0.07311616 0 
0.525 0.025 0.0625 0 
0.536 0.029246464 0.05308416 0 
0.547 0.034012224 0.04477456 0 
0.558 0.039337984 0.03748096 0 
0.569 0.045265984 0.03111696 0 
0.58 0.05184 0.0256 0 
0.591 0.059105344 0.02085136 0 
0.602 0.067108864 0.01679616 0 
0.613 0.075898944 0.01336336 0 
0.624 0.085525504 0.01048576 0 
0.635 0.09604 0.0081 0 
0.646 0.107495424 0.00614656 0 
0.657 0.119946304 0.00456976 0 
0.668 0.133448704 0.00331776 0 
0.679 0.148060224 0.00234256 0 
0.69 0.16384 0.0016 0 
0.701 0.180848704 0.00104976 0 
0.712 0.199148544 0.00065536 0 
0.723 0.218803264 0.00038416 0 
0.734 0.239878144 0.00020736 0 
0.745 0.26244 1E-04 0 
0.756 0.286557184 4.096E-05 0 
0.767 0.312299584 1.296E-05 0 
0.778 0.339738624 2.56E-06 0 
0.789 0.368947264 1.6E-07 0 
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0.8 0.4 3.88938E-62 0 
1.0    1.0  0   0 
/ 
PVTW 
  .0  1.0  4.4E-05  .5  0.0 / 
 
PVDO 
  .0     1.0     2.0 
 550.0   .92    2.0  / 
 
ROCK 
 300    3.0E-05 / 
 
DENSITY 
 850.0    1000.0    1.2  / 
 
PLYVISC 
--Polymer      factor 
--conc(kg/m3)  water visc 
0 1 
0.25 1.8 
0.5 3 
0.75 4.2 
1 5.5 
1.25 6.9 
1.5 8.3 
1.75 9.9 
2 12  / 
 
PLYROCK 
-- Dead Resistance    mass     adsorption maximum  
-- Pore factor         density     index adsorption  
--Space     (kg/m^3)  value 
   0.15      1.0            2850.0            1               0.00015 / 
 
ADSORP 
POLYMER/ 
-- isotherm             a1       a2   b      m    n    k_ref 
   LANGMUIR 0.00005   1*  2.0   1.0  0.0   200 / 
 
TLMIXPAR 
 1.0 / 
 
PLYMAX 
 1.5  0.0 / 
 
RPTPROPS 
 -- PROPS Reporting Options 
 'PLYVISC'  
/ 
 
REGIONS    ======================================================== 
 
MISCNUM 
98*1 / 
 
RPTREGS 
-- Controls on output from regions section 
--  
'MISCNUM' / 
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SOLUTION   ============================================================= 
 
EQUIL 
1200  300  1800   0   0   0   0   0   0  / 
 
RPTSOL 
-- Initialisation Print Output 
'RESTART=2' 'FIP=2' 'PBLK' 'RK' 'FIPPLY=2' / 
 
SUMMARY    ============================================================= 
 
RUNSUM 
 
DATE 
FOE 
ALL 
FWCT 
FCPR 
FCPT 
FCIR 
FCIT 
FCIP 
FCAD 
GCPR 
 'G' / 
GCPT 
 'G' / 
GCIR 
 'G' / 
GCIT 
 'G' / 
WCPR 
 'P' / 
WCPT 
 'P' / 
WCIR 
 'I' / 
WCIT 
 'I' / 
CCFR 
 'P' 98 1  1 / 
 / 
CCPT 
 'P' 98 1  1 / 
 / 
CCIT 
 'I'  1  1  1 / 
 / 
RCIP 
 1 2 / 
RCFT 
 1 2 / 
 / 
RCAD 
 1 2 / 
--Block Saturations may input grids 
BCCN  
/ 
BCIP 
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/ 
BCAD 
/ 
BWSAT 
/ 
RPTSMRY 
 1 / 
 
SCHEDULE   ============================================================= 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
'NEWTON=2' 'PBLK''RK' 'FIPSALT=2' / 
 
WELSPECS 
'I'  'G'   1  1  1200  'WAT'  0.0  'STD'  'SHUT'  'NO'  / 
'P'  'G'  98  1  1200  'OIL'  0.0  'STD'  'SHUT'  'NO'  / 
/ 
 
COMPDAT 
'I       '   1   1   1   1 'OPEN'   0  .0   1.0 / 
'P       '  98   1   1   1 'OPEN'   0  .0   1.0 / 
/ 
 
WCONPROD 
'P' OPEN RESV 4* 300.0 0.0 4* / 
/ 
 
WCONINJE 
'I' WATER OPEN RESV 1* 300.0 1000.0 / 
/ 
 
WPOLYMER 
 'I' 1.5  0.0 / 
 / 
 
WECON 
'P' 2*  0.9 2* CON / 
/ 
 
TSTEP 
30*20 / 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'NEWTON=2'  
'PBLK' 'RK' 'FIPSALT=2' / 
 
WPOLYMER 
 'I' 0.0 0.0 / 
 / 
 
TSTEP 
30*100 / 
 
END 
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D.2. 1D ECLIPSE CODE INPUT DATA – 1D Coarse Grid Model 
 
RUNSPEC 
TITLE 
Upscaling Polymer Flooding in Heterogeneous Reservoirs – 3 Coarse model – reversible case 
 
 
DIMENS 
   5   1    1  / 
 
--PHASES PRESENT 
OIL 
 
WATER 
 
POLYMER 
 
--UNITS 
METRIC 
 
TABDIMS 
    1    1   52   10    2   20 / 
 
REGDIMS 
    2    1    0    0 / 
 
WELLDIMS 
    2    1    1    2 / 
 
START 
   1 'JAN' 2013  / 
 
NSTACK 
   10 / 
 
UNIFOUT 
 
UNIFIN 
 
GRID      ============================================================== 
 
INIT 
 
DX 
20 3*320 20 / 
 
EQUALS 
'DY'     100 / 
'DZ'     50 / 
'PERMX'  200 / 
'TOPS'   1200.0 / 
'PORO'   0.2 / 
/ 
 
RPTGRID 
-- Report Levels for Grid Section Data 
--  
'PORO'  
'PORV'  
/  
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PROPS     ============================================================== 
 
SWOF 
--   Sw   Krw   Pwo 
    
0.25 0 1.0 0 
0.261 0.000000064 0.92236816 0 
0.272 0.000001024 0.84934656 0 
0.283 0.000005184 0.78074896 0 
0.294 0.000016384 0.71639296 0 
0.305 0.00004 0.6561 0 
0.316 8.2944E-05 0.59969536 0 
0.327 0.000153664 0.54700816 0 
0.338 0.000262144 0.49787136 0 
0.349 0.000419904 0.45212176 0 
0.36 0.00064 0.4096 0 
0.371 0.000937024 0.37015056 0 
0.382 0.001327104 0.33362176 0 
0.393 0.001827904 0.29986576 0 
0.404 0.002458624 0.26873856 0 
0.415 0.00324 0.2401 0 
0.426 0.004194304 0.21381376 0 
0.437 0.005345344 0.18974736 0 
0.448 0.006718464 0.16777216 0 
0.459 0.008340544 0.14776336 0 
0.47 0.01024 0.1296 0 
0.481 0.012446784 0.11316496 0 
0.492 0.014992384 0.09834496 0 
0.503 0.017909824 0.08503056 0 
0.514 0.021233664 0.07311616 0 
0.525 0.025 0.0625 0 
0.536 0.029246464 0.05308416 0 
0.547 0.034012224 0.04477456 0 
0.558 0.039337984 0.03748096 0 
0.569 0.045265984 0.03111696 0 
0.58 0.05184 0.0256 0 
0.591 0.059105344 0.02085136 0 
0.602 0.067108864 0.01679616 0 
0.613 0.075898944 0.01336336 0 
0.624 0.085525504 0.01048576 0 
0.635 0.09604 0.0081 0 
0.646 0.107495424 0.00614656 0 
0.657 0.119946304 0.00456976 0 
0.668 0.133448704 0.00331776 0 
0.679 0.148060224 0.00234256 0 
0.69 0.16384 0.0016 0 
0.701 0.180848704 0.00104976 0 
0.712 0.199148544 0.00065536 0 
0.723 0.218803264 0.00038416 0 
0.734 0.239878144 0.00020736 0 
0.745 0.26244 1E-04 0 
0.756 0.286557184 4.096E-05 0 
0.767 0.312299584 1.296E-05 0 
0.778 0.339738624 2.56E-06 0 
0.789 0.368947264 1.6E-07 0 
0.8 0.4 3.88938E-62 0 
1.0    1.0  0   0 
/ 
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PVTW 
  .0  1.0  4.4E-05  .5  0.0 / 
 
PVDO 
  .0     1.0     2.0 
 550.0   .92    2.0 
/ 
 
ROCK 
 300    3.0E-05 / 
 
DENSITY 
 850.0000  1000.0000   1.20000 / 
 
PLYVISC 
--Polymer      factor 
--conc(kg/m3)  water visc 
0 1 
0.25 1.8 
0.5 3 
0.75 4.2 
1 5.5 
1.25 6.9 
1.5 8.3 
1.75 9.9 
2 12  / 
 
PLYROCK 
-- Dead Resistance mass     adsorption maximum  
-- Pore factor     density  index adsorption  
--Space     (kg/m^3)  value 
   0.15  1.0       2850.0     1         0.00015 / 
 
ADSORP 
POLYMER/ 
-- isotherm  a1     a2    b     m    n   k_ref 
   LANGMUIR 0.00005  1*   2.0  1.0  0.0   200 / 
 
TLMIXPAR 
 1.0 / 
 
PLYMAX 
 1.5  0.0 / 
 
RPTPROPS 
 -- PROPS Reporting Options 
 --  
 'PLYVISC'  
/ 
 
REGIONS    ======================================================== 
 
MISCNUM 
5*1 / 
 
RPTREGS 
-- Controls on output from regions section 
'MISCNUM'  
/ 
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SOLUTION   ============================================================= 
 
EQUIL 
1200  300  1800   0   0   0   0   0   0  / 
 
RPTSOL 
-- Initialisation Print Output 
--  
'RESTART=2' 'FIP=2' 'PBLK' 'RK' 'FIPPLY=2' / 
 
SUMMARY    ============================================================= 
 
RUNSUM 
 
DATE 
FOE 
ALL 
FWCT 
FCPR 
FCPT 
FCIR 
FCIT 
FCIP 
FCAD 
GCPR 
 'G' / 
GCPT 
 'G' / 
GCIR 
 'G' / 
GCIT 
 'G' / 
WCPR 
 'P' / 
WCPT 
 'P' / 
WCIR 
 'I' / 
WCIT 
 'I' / 
CCFR 
 'P' 5 1  1 / 
 / 
CCPT 
 'P' 5 1  1 / 
 / 
CCIT 
 'I'  1  1  1 / 
 / 
RCIP 
 1 2 / 
RCFT 
 1 2 / 
 / 
RCAD 
 1 2 / 
BCCN 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
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 4 1 1 / 
 5 1 1 / 
/ 
BCIP 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
BCAD 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
 
BWSAT 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
 
RPTSMRY 
 1 / 
 
SCHEDULE   ============================================================= 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
'NEWTON=2' 'PBLK' 'RK' 'FIPSALT=2' / 
 
WELSPECS 
'I'  'G'   1  1  1200  'WAT'  0.0  'STD'  'SHUT'  'NO'  / 
'P'  'G'  5  1  1200  'OIL'  0.0  'STD'  'SHUT'  'NO'  / 
/ 
 
COMPDAT 
'I       '   1   1   1   1 'OPEN'   0  .0   1.0 / 
'P       '  5   1   1   1 'OPEN'   0  .0   1.0 / 
/ 
 
WCONPROD 
'P' OPEN RESV 4* 300.0 0.0 4* / 
/ 
 
WCONINJE 
'I' WATER OPEN RESV 1* 300.0 1000.0 / 
/ 
 
WPOLYMER 
'I' 1.5  0.0 / 
/ 
WECON 
'P' 2*  0.9 2* CON / 
/ 
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TSTEP 
30*20 / 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'NEWTON=2'  
'PBLK' 'RK' 'FIPSALT=2' / 
 
WPOLYMER 
 'I' 0.0 0.0 / 
 / 
 
TSTEP 
30*100 / 
 
END 
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D.3. 1D ECLIPSE CODE INPUT DATA – 1D Coarse Grid Model with Pseudoisation and Adsorption upscaling 
 
RUNSPEC 
TITLE 
  Upscaling Polymer Flooding in Heterogeneous Reservoirs – 3 Coarse Model_Pseudo_ADUP – reversible case 
 
DIMENS 
   5   1    1  / 
 
--PHASES PRESENT 
OIL 
 
WATER 
 
POLYMER 
 
--UNITS 
METRIC 
 
TABDIMS 
    5    1   52   10    2   20 / 
 
REGDIMS 
    2    1    0    0 / 
 
WELLDIMS 
    2    1    1    2 / 
 
START 
   1 'JAN' 2013  / 
 
NSTACK 
   10 / 
 
UNIFOUT 
 
UNIFIN 
 
GRID      ============================================================== 
 
INIT 
 
DX 
20 3*320 20 / 
 
EQUALS 
'DY'     100 / 
'DZ'     50 / 
'PERMX'  200 / 
'TOPS'   1200.0 / 
'PORO'   0.2 / 
/ 
 
RPTGRID 
-- Report Levels for Grid Section Data 
--  
'PORO'  
'PORV'  
/  
PROPS     ============================================================== 
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SWFN 
-- Table    1 (Rock curve) 
    0.250000        0.000000        0.000000 -- Lower end point      
    0.261000        0.000000        0.000000 -- Lower critical point 
    0.272000        0.000001        0.000000 -- Rock curve point 
    0.283000        0.000005        0.000000 -- Rock curve point 
    0.294000        0.000016        0.000000 -- Rock curve point 
    0.305000        0.000040        0.000000 -- Rock curve point 
    0.316000        0.000083        0.000000 -- Rock curve point 
    0.327000        0.000154        0.000000 -- Rock curve point 
    0.338000        0.000262        0.000000 -- Rock curve point 
    0.349000        0.000420        0.000000 -- Rock curve point 
    0.360000        0.000640        0.000000 -- Rock curve point 
    0.371000        0.000937        0.000000 -- Rock curve point 
    0.382000        0.001327        0.000000 -- Rock curve point 
    0.393000        0.001828        0.000000 -- Rock curve point 
    0.404000        0.002459        0.000000 -- Rock curve point 
    0.415000        0.003240        0.000000 -- Rock curve point 
    0.426000        0.004194        0.000000 -- Rock curve point 
    0.437000        0.005345        0.000000 -- Rock curve point 
    0.448000        0.006718        0.000000 -- Rock curve point 
    0.459000        0.008341        0.000000 -- Rock curve point 
    0.470000        0.010240        0.000000 -- Rock curve point 
    0.481000        0.012447        0.000000 -- Rock curve point 
    0.492000        0.014992        0.000000 -- Rock curve point 
    0.503000        0.017910        0.000000 -- Rock curve point 
    0.514000        0.021234        0.000000 -- Rock curve point 
    0.525000        0.025000        0.000000 -- Rock curve point 
    0.536000        0.029246        0.000000 -- Rock curve point 
    0.547000        0.034012        0.000000 -- Rock curve point 
    0.558000        0.039338        0.000000 -- Rock curve point 
    0.569000        0.045266        0.000000 -- Rock curve point 
    0.580000        0.051840        0.000000 -- Rock curve point 
    0.591000        0.059105        0.000000 -- Rock curve point 
    0.602000        0.067109        0.000000 -- Rock curve point 
    0.613000        0.075899        0.000000 -- Rock curve point 
    0.624000        0.085526        0.000000 -- Rock curve point 
    0.635000        0.096040        0.000000 -- Rock curve point 
    0.646000        0.107495        0.000000 -- Rock curve point 
    0.657000        0.119946        0.000000 -- Rock curve point 
    0.668000        0.133449        0.000000 -- Rock curve point 
    0.679000        0.148060        0.000000 -- Rock curve point 
    0.690000        0.163840        0.000000 -- Rock curve point 
    0.701000        0.180849        0.000000 -- Rock curve point 
    0.712000        0.199149        0.000000 -- Rock curve point 
    0.723000        0.218803        0.000000 -- Rock curve point 
    0.734000        0.239878        0.000000 -- Rock curve point 
    0.745000        0.262440        0.000000 -- Rock curve point 
    0.756000        0.286557        0.000000 -- Rock curve point 
    0.767000        0.312300        0.000000 -- Rock curve point 
    0.778000        0.339739        0.000000 -- Rock curve point 
    0.789000        0.368947        0.000000 -- Upper critical point 
    0.800000        0.400000        0.000000 -- Rock curve point 
    1.000000        1.000000        0.000000 -- Upper end point   
/ 
-- Table    2 
    0.250000        0.000000        0.000000 -- Lower end point      
    0.251730        0.000000        0.000000 -- Generated point      
    0.264521        0.000000        0.000000 -- Generated point      
    0.280967        0.000000        0.000000 -- Generated point      
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    0.298411        0.000000        0.000000 -- Generated point      
    0.316266        0.000000        0.000000 -- Generated point      
    0.334323        0.000000        0.000000 -- Generated point      
    0.352503        0.000000        0.000000 -- Generated point      
    0.370751        0.000000        0.000000 -- Generated point      
    0.389049        0.000000        0.000000 -- Generated point      
    0.407380        0.000000        0.000000 -- Generated point      
    0.425731        0.000000        0.000000 -- Generated point      
    0.444098        0.000000        0.000000 -- Generated point      
    0.462476        0.000000        0.000000 -- Generated point      
    0.480864        0.000000        0.000000 -- Generated point      
    0.499252        0.000000        0.000000 -- Generated point      
    0.517647        0.000000        0.000000 -- Generated point      
    0.536039        0.000000        0.000000 -- Generated point      
    0.554437        0.000000        0.000000 -- Generated point      
    0.572833        0.000000        0.000000 -- Generated point      
    0.591230        0.000000        0.000000 -- Generated point      
    0.609621        0.000037        0.000000 -- Generated point      
    0.622766        0.030930        0.000000 -- Generated point      
    0.664495        0.044445        0.000000 -- Generated point      
    0.717642        0.181800        0.000000 -- Generated point      
    0.731007        0.207675        0.000000 -- Generated point      
    0.735539        0.217756        0.000000 -- Generated point      
    1.000000        1.000000        0.000000 -- Upper end point      
/ 
-- Table    3 
    0.250000        0.000000        0.000000 -- Lower end point      
    0.255606        0.000000        0.000000 -- Generated point      
    0.268302        0.000000        0.000000 -- Generated point      
    0.282549        0.000000        0.000000 -- Generated point      
    0.297226        0.000000        0.000000 -- Generated point      
    0.312041        0.000000        0.000000 -- Generated point      
    0.326912        0.000000        0.000000 -- Generated point      
    0.341792        0.000000        0.000000 -- Generated point      
    0.356681        0.000000        0.000000 -- Generated point      
    0.371563        0.000000        0.000000 -- Generated point      
    0.446224        0.000000        0.000000 -- Generated point      
    0.523442        0.000000        0.000000 -- Generated point      
    0.647969        0.052391        0.000000 -- Generated point      
    0.707985        0.079129        0.000000 -- Generated point      
    0.722017        0.094247        0.000000 -- Generated point      
    0.727214        0.100439        0.000000 -- Generated point      
    1.000000        1.000000        0.000000 -- Upper end point      
/ 
-- Table    4 
    0.250000        0.000000        0.000000 -- Lower end point      
    0.288421        0.000000        0.000000 -- Generated point      
    0.363942        0.000000        0.000000 -- Generated point      
    0.440334        0.000000        0.000000 -- Generated point      
    0.517358        0.000000        0.000000 -- Generated point      
    0.557912        0.037622        0.000000 -- Generated point      
    0.561320        0.039568        0.000000 -- Generated point      
    0.568120        0.039838        0.000000 -- Generated point      
    0.645772        0.039923        0.000000 -- Generated point      
    1.000000        1.000000        0.000000 -- Upper end point      
/ 
-- Table    5 (Rock curve) 
    0.250000        0.000000        0.000000 -- Lower end point      
    0.261000        0.000000        0.000000 -- Lower critical point 
    0.272000        0.000001        0.000000 -- Rock curve point 
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    0.283000        0.000005        0.000000 -- Rock curve point 
    0.294000        0.000016        0.000000 -- Rock curve point 
    0.305000        0.000040        0.000000 -- Rock curve point 
    0.316000        0.000083        0.000000 -- Rock curve point 
    0.327000        0.000154        0.000000 -- Rock curve point 
    0.338000        0.000262        0.000000 -- Rock curve point 
    0.349000        0.000420        0.000000 -- Rock curve point 
    0.360000        0.000640        0.000000 -- Rock curve point 
    0.371000        0.000937        0.000000 -- Rock curve point 
    0.382000        0.001327        0.000000 -- Rock curve point 
    0.393000        0.001828        0.000000 -- Rock curve point 
    0.404000        0.002459        0.000000 -- Rock curve point 
    0.415000        0.003240        0.000000 -- Rock curve point 
    0.426000        0.004194        0.000000 -- Rock curve point 
    0.437000        0.005345        0.000000 -- Rock curve point 
    0.448000        0.006718        0.000000 -- Rock curve point 
    0.459000        0.008341        0.000000 -- Rock curve point 
    0.470000        0.010240        0.000000 -- Rock curve point 
    0.481000        0.012447        0.000000 -- Rock curve point 
    0.492000        0.014992        0.000000 -- Rock curve point 
    0.503000        0.017910        0.000000 -- Rock curve point 
    0.514000        0.021234        0.000000 -- Rock curve point 
    0.525000        0.025000        0.000000 -- Rock curve point 
    0.536000        0.029246        0.000000 -- Rock curve point 
    0.547000        0.034012        0.000000 -- Rock curve point 
    0.558000        0.039338        0.000000 -- Rock curve point 
    0.569000        0.045266        0.000000 -- Rock curve point 
    0.580000        0.051840        0.000000 -- Rock curve point 
    0.591000        0.059105        0.000000 -- Rock curve point 
    0.602000        0.067109        0.000000 -- Rock curve point 
    0.613000        0.075899        0.000000 -- Rock curve point 
    0.624000        0.085526        0.000000 -- Rock curve point 
    0.635000        0.096040        0.000000 -- Rock curve point 
    0.646000        0.107495        0.000000 -- Rock curve point 
    0.657000        0.119946        0.000000 -- Rock curve point 
    0.668000        0.133449        0.000000 -- Rock curve point 
    0.679000        0.148060        0.000000 -- Rock curve point 
    0.690000        0.163840        0.000000 -- Rock curve point 
    0.701000        0.180849        0.000000 -- Rock curve point 
    0.712000        0.199149        0.000000 -- Rock curve point 
    0.723000        0.218803        0.000000 -- Rock curve point 
    0.734000        0.239878        0.000000 -- Rock curve point 
    0.745000        0.262440        0.000000 -- Rock curve point 
    0.756000        0.286557        0.000000 -- Rock curve point 
    0.767000        0.312300        0.000000 -- Rock curve point 
    0.778000        0.339739        0.000000 -- Rock curve point 
    0.789000        0.368947        0.000000 -- Upper critical point 
    0.800000        0.400000        0.000000 -- Rock curve point 
    1.000000        1.000000        0.000000 -- Upper end point      
/ 
SOF2 
-- Table    1 (Rock curve) 
    0.000000        0.000000 -- Lower end point      
    0.200000        0.000000 -- Rock curve point 
    0.211000        0.000000 -- Lower critical point 
    0.222000        0.000003 -- Rock curve point 
    0.233000        0.000013 -- Rock curve point 
    0.244000        0.000041 -- Rock curve point 
    0.255000        0.000100 -- Rock curve point 
    0.266000        0.000207 -- Rock curve point 
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    0.277000        0.000384 -- Rock curve point 
    0.288000        0.000655 -- Rock curve point 
    0.299000        0.001050 -- Rock curve point 
    0.310000        0.001600 -- Rock curve point 
    0.321000        0.002343 -- Rock curve point 
    0.332000        0.003318 -- Rock curve point 
    0.343000        0.004570 -- Rock curve point 
    0.354000        0.006147 -- Rock curve point 
    0.365000        0.008100 -- Rock curve point 
    0.376000        0.010486 -- Rock curve point 
    0.387000        0.013363 -- Rock curve point 
    0.398000        0.016796 -- Rock curve point 
    0.409000        0.020851 -- Rock curve point 
    0.420000        0.025600 -- Rock curve point 
    0.431000        0.031117 -- Rock curve point 
    0.442000        0.037481 -- Rock curve point 
    0.453000        0.044775 -- Rock curve point 
    0.464000        0.053084 -- Rock curve point 
    0.475000        0.062500 -- Rock curve point 
    0.486000        0.073116 -- Rock curve point 
    0.497000        0.085031 -- Rock curve point 
    0.508000        0.098345 -- Rock curve point 
    0.519000        0.113165 -- Rock curve point 
    0.530000        0.129600 -- Rock curve point 
    0.541000        0.147763 -- Rock curve point 
    0.552000        0.167772 -- Rock curve point 
    0.563000        0.189747 -- Rock curve point 
    0.574000        0.213814 -- Rock curve point 
    0.585000        0.240100 -- Rock curve point 
    0.596000        0.268739 -- Rock curve point 
    0.607000        0.299866 -- Rock curve point 
    0.618000        0.333622 -- Rock curve point 
    0.629000        0.370151 -- Rock curve point 
    0.640000        0.409600 -- Rock curve point 
    0.651000        0.452122 -- Rock curve point 
    0.662000        0.497871 -- Rock curve point 
    0.673000        0.547008 -- Rock curve point 
    0.684000        0.599695 -- Rock curve point 
    0.695000        0.656100 -- Rock curve point 
    0.706000        0.716393 -- Rock curve point 
    0.717000        0.780749 -- Rock curve point 
    0.728000        0.849347 -- Rock curve point 
    0.739000        0.922368 -- Upper critical point 
    0.750000        1.000000 -- Upper end point      
/ 
-- Table    2 
    0.000000        0.000000 -- Lower end point      
    0.264461        0.000274 -- Generated point      
    0.268993        0.000349 -- Generated point      
    0.282358        0.000677 -- Generated point      
    0.293369        0.001855 -- Generated point      
    0.295122        0.002671 -- Generated point      
    0.298219        0.003982 -- Generated point      
    0.303359        0.006798 -- Generated point      
    0.312467        0.013893 -- Generated point      
    0.327938        0.021676 -- Generated point      
    0.345735        0.026270 -- Generated point      
    0.349289        0.027938 -- Generated point      
    0.352837        0.029822 -- Generated point      
    0.356389        0.032121 -- Generated point      
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    0.359952        0.034958 -- Generated point      
    0.363567        0.039056 -- Generated point      
    0.367321        0.046275 -- Generated point      
    0.371501        0.064079 -- Generated point      
    0.377234        0.141680 -- Generated point      
    0.390379        0.292215 -- Generated point      
    0.408770        0.322376 -- Generated point      
    0.427167        0.353959 -- Generated point      
    0.445563        0.389106 -- Generated point      
    0.463961        0.425938 -- Generated point      
    0.482353        0.470205 -- Generated point      
    0.500748        0.519691 -- Generated point      
    0.519135        0.584684 -- Generated point      
    0.537524        0.667071 -- Generated point      
    0.555902        0.804871 -- Generated point      
    0.574269        0.981901 -- Generated point      
    0.592620        0.996031 -- Generated point      
    0.610951        0.996484 -- Generated point      
    0.629249        0.996901 -- Generated point      
    0.647497        0.997264 -- Generated point      
    0.665677        0.997572 -- Generated point      
    0.683734        0.997838 -- Generated point      
    0.701589        0.998046 -- Generated point      
    0.727256        0.998203 -- Generated point           
    0.750000        1.000000 -- Upper end point      
/ 
-- Table    3 
    0.000000        0.000000 -- Lower end point      
    0.272786        0.000383 -- Generated point      
    0.277983        0.000521 -- Generated point      
    0.292015        0.000983 -- Generated point      
    0.307900        0.002411 -- Generated point      
    0.309179        0.002971 -- Generated point      
    0.311122        0.003893 -- Generated point      
    0.314065        0.005514 -- Generated point      
    0.318581        0.008394 -- Generated point      
    0.325630        0.013355 -- Generated point      
    0.336586        0.019672 -- Generated point      
    0.351674        0.025283 -- Generated point      
    0.368952        0.029903 -- Generated point      
    0.385729        0.034550 -- Generated point      
    0.401608        0.036164 -- Generated point      
    0.416205        0.038681 -- Generated point      
    0.429178        0.055864 -- Generated point      
    0.476558        0.362226 -- Generated point      
    0.553776        0.570989 -- Generated point      
    0.628438        0.990921 -- Generated point      
    0.643319        0.991526 -- Generated point      
    0.658208        0.992071 -- Generated point      
    0.673088        0.992592 -- Generated point      
    0.687959        0.993050 -- Generated point      
    0.702774        0.993485 -- Generated point      
    0.717451        0.993850 -- Generated point      
    0.731698        0.994196 -- Generated point      
    0.744394        0.994472 -- Generated point      
    0.750000        1.000000 -- Upper end point      
/ 
-- Table    4 
    0.000000        0.000000 -- Lower end point      
    0.291288        0.000433 -- Generated point      
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    0.297448        0.000537 -- Generated point      
    0.312893        0.000992 -- Generated point      
    0.332029        0.007955 -- Generated point      
    0.338128        0.010151 -- Generated point      
    0.346183        0.013155 -- Generated point      
    0.356475        0.016659 -- Generated point      
    0.368553        0.020799 -- Generated point      
    0.381816        0.025520 -- Generated point      
    0.395504        0.030300 -- Generated point      
    0.408964        0.033790 -- Generated point      
    0.421456        0.035814 -- Generated point      
    0.431880        0.036739 -- Generated point      
    0.438680        0.037125 -- Generated point      
    0.442088        0.042927 -- Generated point      
    0.482642        0.234461 -- Generated point      
    0.559666        0.439644 -- Generated point      
    0.636058        0.988820 -- Generated point      
    0.711579        0.991515 -- Generated point      
    0.750000        1.000000 -- Upper end point      
/ 
-- Table    5 (Rock curve) 
    0.000000        0.000000 -- Lower end point      
    0.200000        0.000000 -- Rock curve point 
    0.211000        0.000000 -- Lower critical point 
    0.222000        0.000003 -- Rock curve point 
    0.233000        0.000013 -- Rock curve point 
    0.244000        0.000041 -- Rock curve point 
    0.255000        0.000100 -- Rock curve point 
    0.266000        0.000207 -- Rock curve point 
    0.277000        0.000384 -- Rock curve point 
    0.288000        0.000655 -- Rock curve point 
    0.299000        0.001050 -- Rock curve point 
    0.310000        0.001600 -- Rock curve point 
    0.321000        0.002343 -- Rock curve point 
    0.332000        0.003318 -- Rock curve point 
    0.343000        0.004570 -- Rock curve point 
    0.354000        0.006147 -- Rock curve point 
    0.365000        0.008100 -- Rock curve point 
    0.376000        0.010486 -- Rock curve point 
    0.387000        0.013363 -- Rock curve point 
    0.398000        0.016796 -- Rock curve point 
    0.409000        0.020851 -- Rock curve point 
    0.420000        0.025600 -- Rock curve point 
    0.431000        0.031117 -- Rock curve point 
    0.442000        0.037481 -- Rock curve point 
    0.453000        0.044775 -- Rock curve point 
    0.464000        0.053084 -- Rock curve point 
    0.475000        0.062500 -- Rock curve point 
    0.486000        0.073116 -- Rock curve point 
    0.497000        0.085031 -- Rock curve point 
    0.508000        0.098345 -- Rock curve point 
    0.519000        0.113165 -- Rock curve point 
    0.530000        0.129600 -- Rock curve point 
    0.541000        0.147763 -- Rock curve point 
    0.552000        0.167772 -- Rock curve point 
    0.563000        0.189747 -- Rock curve point 
    0.574000        0.213814 -- Rock curve point 
    0.585000        0.240100 -- Rock curve point 
    0.596000        0.268739 -- Rock curve point 
    0.607000        0.299866 -- Rock curve point 
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    0.618000        0.333622 -- Rock curve point 
    0.629000        0.370151 -- Rock curve point 
    0.640000        0.409600 -- Rock curve point 
    0.651000        0.452122 -- Rock curve point 
    0.662000        0.497871 -- Rock curve point 
    0.673000        0.547008 -- Rock curve point 
    0.684000        0.599695 -- Rock curve point 
    0.695000        0.656100 -- Rock curve point 
    0.706000        0.716393 -- Rock curve point 
    0.717000        0.780749 -- Rock curve point 
    0.728000        0.849347 -- Rock curve point 
    0.739000        0.922368 -- Upper critical point 
    0.750000        1.000000 -- Upper end point      
/ 
 
PVTW 
  .0  1.0  4.4E-05  .5  0.0 / 
 
PVDO 
  .0     1.0     2.0 
 550.0   .92    2.0 
/ 
 
ROCK 
 300    3.0E-05 / 
 
DENSITY 
 850.0000  1000.0000   1.20000 / 
 
PLYVISC 
--Polymer      factor 
--conc(kg/m3)  water visc 
0 1 
0.25 1.8 
0.5 3 
0.75 4.2 
1 5.5 
1.25 6.9 
1.5 8.3 
1.75 9.9 
2 12  / 
 
PLYROCK 
-- Dead     Resistance         mass        adsorption maximum  
-- Pore        factor           density         index               adsorption  
--Space              (kg/m^3)                   value 
   0.15               1.0             2850.0              1                 0.00015 / 
   0.15               1.0             2850.0              1                 0.00015 / 
   0.15               1.0             2850.0              1                 0.00015 / 
   0.15               1.0             2850.0              1                 0.00015 / 
   0.15               1.0             2850.0              1                 0.00015 / 
 
ADSORP 
POLYMER/ 
-- isotherm             a1      a2     b     m    n   k_ref 
   LANGMUIR 0.000039  1*   2.0  1.0  0.0   200 / 
   LANGMUIR 0.000039  1*   2.0  1.0  0.0   200 / 
   LANGMUIR 0.000039  1*   2.0  1.0  0.0   200 / 
   LANGMUIR 0.000039  1*   2.0  1.0  0.0   200 / 
   LANGMUIR 0.000039  1*   2.0  1.0  0.0   200 / 
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TLMIXPAR 
 1.0 / 
 
PLYMAX 
 1.5  0.0 / 
 
RPTPROPS 
 -- PROPS Reporting Options 
 --  
 'PLYVISC'  
/ 
 
REGIONS    ======================================================== 
 
SATNUM 
     1     2     3     4     5 
/ 
 
MISCNUM 
5*1 / 
 
RPTREGS 
-- Controls on output from regions section 
--  
'MISCNUM'  
/ 
 
SOLUTION   ============================================================= 
 
EQUIL 
1200  300  1800   0   0   0   0   0   0  / 
 
RPTSOL 
-- Initialisation Print Output 
'RESTART=2' 'FIP=2' 'PBLK' 'RK' 'FIPPLY=2' / 
 
SUMMARY    ============================================================= 
 
RUNSUM 
 
DATE 
FOE 
ALL 
FWCT 
FCPR 
FCPT 
FCIR 
FCIT 
FCIP 
FCAD 
GCPR 
 'G' / 
GCPT 
 'G' / 
GCIR 
 'G' / 
GCIT 
 'G' / 
WCPR 
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 'P' / 
WCPT 
 'P' / 
WCIR 
 'I' / 
WCIT 
 'I' / 
CCFR 
 'P' 5 1  1 / 
 / 
CCPT 
 'P' 5 1  1 / 
 / 
CCIT 
 'I'  1  1  1 / 
 / 
RCIP 
 1 2 / 
RCFT 
 1 2 / 
 / 
RCAD 
 1 2 / 
BCCN 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
BCIP 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
BCAD 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
 
BWSAT 
 1 1 1 / 
 2 1 1 / 
 3 1 1 / 
 4 1 1 / 
 5 1 1 / 
/ 
 
RPTSMRY 
 1 / 
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SCHEDULE   ============================================================= 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS'  
'NEWTON=2' 'PBLK' 'RK' 'FIPSALT=2' / 
 
WELSPECS 
'I'  'G'   1  1  1200  'WAT'  0.0  'STD'  'SHUT'  'NO'  / 
'P'  'G'  5  1  1200  'OIL'  0.0  'STD'  'SHUT'  'NO'  / 
/ 
 
COMPDAT 
'I       '   1   1   1   1 'OPEN'   0  .0   1.0 / 
'P       '  5   1   1   1 'OPEN'   0  .0   1.0 / 
/ 
 
WCONPROD 
'P' OPEN RESV 4* 300.0 0.0 4* / 
/ 
 
WCONINJE 
'I' WATER OPEN RESV 1* 300.0 1000.0 / 
/ 
 
WPOLYMER 
'I' 1.5  0.0 / 
/ 
 
WECON 
'P' 2*  0.9 2* CON / 
/ 
 
TSTEP 
30*20 / 
 
RPTSCHED 
'PRES' 'SWAT' 'RESTART=2' 'FIP=2' 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'NEWTON=2'  
'PBLK' 'RK' 'FIPSALT=2' / 
 
WPOLYMER 
 'I' 0.0 0.0 / 
 / 
 
TSTEP 
30*100 / 
 
END 
